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PEEFACE. 



This book lias been prepared for the guidance of 
children in the simplest preliminary chemical opera- 
tions. It aims to stimulate in the beginner, by the 
natural method of observation and experiment, a desire 
to know about every-day phenomena — ^to lead him to 
question for himself, and then to answer his own in- 
quiry, not by appealing to book or teacher, but by 
reference to the facts presented. The object being to 
develop thought that will lead to investigation, not to 
burden the memory, the pupil is told but little except 
how to proceed. Doubtless, in many cases mistakes 
will be made, or he will fail to draw any inference ; 
but the habit of looking for a meaning, of tracing the 
relation between cause and effect, is of value, and the 
mind thus trained constantly seeks to verify its con- 
clusions. 

The experiments are extremely simple, and an 
effort has been made, not only to adapt the work to 
conditions found in the school, but to make it possible 
for a child to carry it on at home. To this end, the 
simplest apparatus is employed, and the range of 
material is limited to what the kitchen affords, and to 
a few well-known chemical compounds. Minute di- 
rections are given for the use of such reagents as in- 
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volve the least element of danger. A child endowed 
with reasonable caution may safely be trusted to do 
all the work alone. Questions involving chemical 
theory are mainly avoided, the words atom and mol&- 
exile are not mentioned, and nomenclature is merely 
introduced by a few symbols. 

While the needs of such children as show a special 
aptitude for natural inquiry, and are without the ad- 
vantages afforded by systematic guidance, have been in 
mind, and therefore an effort made to render the 
work helpful to those who will help themselves, it 
has been none the less obvious that the larger number 
of children are associated with companions in the 
school-room. And the question naturally arises, How 
can each one carry on this work of individual observa- 
tion in the class ? Certainly not by any method of 
mere lesson-learning and lesson-reciting ; but with ths 
proper appliances^ and in the hands of a judicious 
teacher, excellent results may be expected here. There 
is not the slightest reason why, in a well-appointed 
school, there may not be time for work as well as 
time for study, and this is entirely consistent with due 
regard to order and quiet. Each member of a class 
may perform the experiments under the invaluable 
stimulus of one trained to careful habits of thinking 
and observation. Adroit questions will serve to lead 
the mind in the right direction ; at the same time op- 
portunity should be given the pupil for the exercise 
of individual inquiry. The use of a note-book, in 
which the results of each day's work are recorded, and 
revised by subsequent discoveries, is strongly urged. 
This record of the work should be subject to the daily 
inspection and comment of the teacher. 
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Indeed, this plan needs no other proof of its vaJne 
than the fact that it has already been adopted, and is 
in successful operation for older pupils, in some of our 
best schools— and, if for older pupils, then why not 
for children ? It is the child whose irrepressible ac- 
tivity shows itseK in curiosity, and in a constant desire 
to handle things and to " try " them. 

It is proper to state here that these experiments 
have been tested by actual practice. Most of them 
have been performed by children between eleven and 
fifteen years of age. These children were farm-lads, 
trained, not by school methods, but by daily contact 
with the ever-changing problems presented by out- 
door life. The interest manifested in the work, the 
quick perceptions and ready inferences, were in strik- 
ing contrast to the dullness which distinguishes much 
of the ordinary class-room work. 

No claim to originality is made. The material has 
been gathered from all available sources, but Stock- 
hardt's " Experimental Chemistry," Youmans's " New 
Chemistry," "Introductory Chemical Practice," by 
Caldwell and Breneman, " Easy Introduction to Chem- 
istry," by Arthur Eigg, Roscoe's " Chemistry," How- 
ard's " Practical Chemistry," and Clarke's " Elements 
of Chemistry," have been of special service. 
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Just as study implies some conditions for its successful 
prosecution, so does the work laid out in the successive exer- 
cises of this book. The first necessity is a plciee for it This 
may be simply an old kitchen-table, or an ordinary room set 
apart for experimenting. All chemical work, even the simplest, 
can be done most conveniently in a room devoted to it exclu- 
sively. In this room, there should be water and a sink, either 
within the room or just outside. It should also be supplied 
with tables, and shelves and drawers, to hold the apparatus 
and chemicals not in use. 

When a room can not be reserved for this special purpose, it 
may still be possible to have a large table, and cupboard or 
shelves devoted to it ; the latter will hold all articles not in 
daily use, and the former will serve for work. Clean water can 
be brought in pails before school-hours, and waste water can 
be carried from the room when the exercise is over. 

Wherever the work is carried on, attention should be paid 
to order and cleanliness. Avoid hurry ; nothing is gained by it ; 
on the contrary, only careful, deliberate, painstaking effort will 
bring any satisfaction. In childhood, good habits are easily 
formed. If everything has a place, and everything is in its 
place when wanted, plainly both time and space are econo- 
mized thereby. Do not put vessels away dirty, but after each 
exercise clean the apparatus and restore it to its proper place. 
Some teachers recommend that all unused materials and vessels 
be placed at the left hand before beginning work, and moved 
to the right after they have been used, thus leaving a space in 
front for work. This may be a convenient arrangement, but it 
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18 not of the utmost importance that all pupils should follow 
exactly the same order. Attention to certain general principles 
is entirely consistent with the exercise of individual taste or 
peculiarity. 

Look over beforehand each exercise, in order to provide 
whatever material i^ needed for the following day's work ; other- 
wise it will frequently happen that something is wanted which 
can not easily be got. This can be attended to by either teacher 
or pupil. 

Do not waste material, although much of it is inexpensive 
and easily obtained, and be sure to have each kind put aside 
carefully labeled. In the case of the strong acids, see that the 
bottles are restored to the shelves with their stoppers in. Use 
the simplest apparatus which will answer the purpose. 

Each pupil will require a note-book, in which to keep a 
record of the daily work. Here let all discoveries be recorded, 
and also any doubt or question which may arise. The work of 
the following day may throw light upon the matter. This 
note-book, subject to the inspection of the teacher, enables him 
to understand the child^s mental state, and gives him a clew to 
the points which may require some comment. 

But " where there is a will there is a way " ; and the intelli- 
gent teacher, inclined to encourage this simpie experimental 
work, will need but few suggestions. The text-book in his 
hands is merely an assistant in his work of leading the pupil to 
habits of accurate observation and careful thinking. 
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EXERCISE I. 
Mixtures. 

In studying chemistry according to the plan of 
this book, instead of lesson-learning you have some- 
thing to do. By handling, observing, and working 
with substances, you will become familiar with some 
of their peculiar properties. And just as it is much 
more interesting to be acquainted with dogs and 
horses, and boys and girls, than to merely know them 
by their names, it is more interesting to study things 
by making their acquaintance — not by being told 
about them, or even reading about them. 

The first thing to be done each day is to provide 
suitable materials for the exercise. Have everything 
ready when you begin to work ; this will avoid delay 
and save time. 

For Exercise I, get sand, iron filings, copper fil- 
ings, flowers of sulphur, coarse Graham flour, very 
fine table-salt, and sugar. You will want only a 
small quantity of each of these. Iron filings can be 
obtained at a blacksmith's or machine shop ; copper 
filings at the latter place, and both these will cost but 
a trifle. Flowers of sulphur can be bought at any 
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country variety-etore, or at a druggist's. Of this it 
will be well to buy half a pound, and, what you do 
not use in this exercise, label carefully, and put aside 
for future use. It is a soft, yellow powder, some- 
times used for medicine. The 
fine salt, flour, and sugar are, 
of course, to be found in any 
kitchen or grocery. 

In addition to these mar 
terials, you will want a very 
jme hair sieve,* the finer the 
better, a horseshoe magnet,f 
and a sheet of letter-paper. 

Now, with the things at 
hand, you are ready to go to 
work ; and bear in mind that, 
in performing any single given 
experiment, you must foUow 
the general directions for it, 
otherwise this, which simply 
means the doing something in 
order to discover a principle or truth, may fail, and 
you have thus lost time, wasted material, and gained 
nothing. On the other hand, you may perform the 
experiment successfully, but fail to see what it is in- 
tended to teach. In either case, it will be best to try 
it again with closer observation. 

Experiment 1. — ^Mix well together some coarse 
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* A small sieve, frequently used in the kitchen, will cost but a few 
cents. 

f Magnets are found in hardware stores or toy-shops ; small ones 
can be bought for ten or fifteen cents, according to their size. 
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Graham flour and fine table-salt. Put this mixture 
on a very fine sieve, and, by sifting, see if you can 
separate any of the fiour from the salt. What result 2 

Experiment 2. — Mix three parts of iron filings with 
one part of flowers of sulphur ; sift as in the previous 
experiment. Can you separate the sulphur from the 
filings? 

Experiment 3. — Mix equal quantities of sugar, 
salt, and sand together. Pour boiling water into this 
mixture ; stir it to dissolve all you can of the solids, 
and then leave it to settle. Taste the water. Have 
you separated any of the ingredients ? * 

Experiment 4. — Again, mix iron filings with flow- 
ers of sulphur. Take half this mixture (reserve the 
remainder for the next exercise) and put it on a sheet 
of white paper ; then slowly draw a magnet ^*w«^ dbove 
the paper, or under it. 

Experiment 5. — Mix a few copper filings with 
sulphur; rub them together thoroughly, and closely 
examine the mixture to see if you can distinguish one 
ingredient from the other. Save this mixture for the 
next exercise. 

If the preceding experiments have been carefully 
tried, and at the same time thought about, the pupil 
will have discovered that in all these mixtures the in- 
gredients not only retain their distinctive properties, 
but they may be separated by simple means. It also 
appears that mixtures are made by using the materials 
in any quantity, it not being necessary to weigh or 
even to measure them. Gunpowder is a good example 
of this kind of compound ; it is made by mixing sul- 

* Substances used to make the whole. 
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phur, charcoal, and saltpeter together. You could 
easily separate the saltpeter from gunpowder by means 
of boiling water. Glycerine will mix with water in 
any proportions ; and by means of a 'simple process, 
explained in Exercise IX, these ingredients can be 
separated. 

When the exercise is over, clean whatever appa- 
ratus has been used, and put it in its proper place. 
Neatness and order are necessary to successful work 
of this kind. Since a certain definite time is generally 
allotted to each class in school, it may often happen 
that the day's exercise must be discontinued before 
the work is completed. This can be done by leaving 
things in such order that when the work is resumed 
each pupil may know exactly where the materials were 
left, and be able to put his hands on them without 
delay. 



EXERCISE II. 
Chemical Compounds, 

Provide for this exercise cooking-soda, cream of 
tartar, a few leaves of purple cabbage, strong vinegar, 
and boiling water, in addition to some of the materials 
used in yesterday's work. The purple cabbage can 
be had at almost any grocery in the winter or spring, 
and in the summer it is found growing in many coun- 
try gardens. 

A cruciile is a small, baked clay melting-pot (see 
Fig. 2), made to endure great heat. One of these will 
be useful for heating the mixture in Experiment 4 ; but 
in place of it, some kitchen utensil of unglazed earthen- 




CHEMICAL COMPOUNDS. 15 

ware may be found to answer the purpose. Or, the 
mixture may be heated in a thin glass vessel (see 
test-tubes, Exercise IV) over a flame. 

Experiment 1. — Taste separately a little undis- 
solved cream of tartar and conmion 
cooking-soda. Can you distinguish 
one from the other ? 

Dissolve hxilf a teaspoonful of 
soda in half a teacupful of boiling 
water; add to this dissolved soda 
a tedspoonfvl of cream of tartar. 
Taste the liquid in the cup, and ob- 
serve if it is like or unlike either 
the soda or cream of tartar when tiq 2 

undissolved and unmixed. 

Experiment 2. — Bum a little sulphur in a dish in 
the open air. The sulphur will combine with some- 
thing from the air and form a new compound which 
rises as smoke. Has this compound any odor ? If so, 
is it from the air or the sulphur? 

Experiment 3. — Make an infusion * of purple 
cabbage ; this may be done by pouring hot or boiling 
water on to a leaf, leaving this to soak for half an 
hour, and then pouring ofE the purple water into an- 
other vessel. Add to the infusion a little strong vine- 
gar. What change takes place ? 

Experiment 4. — Put the sulphur and iron mixture 
saved from Experiment 4, " Mixtures," into a crucible, 
if you have one ; if not, into something which will 

* Inftision is an extract from a vegetable substance in hot or 
cold water, made without boiling ; a decocticn is a similar extract made 
fey boiling. Tea, as it is usually made, is a good example of the latter. 
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bear a good deal of heat ; put this into a clear coal 
fire. When the sulphur has entirely melted, take out 
the vessel, cool its contents, and try the effect of the 
magnet upon the melted mass. Can you now separate 
the iron from the sulphur as you did in Exercise I ? 

Experiment 5. — Eepeat the above experiment, 
using the copper mixture instead of the iron. 

If, as in Exercise I, the pupil has been very watch- 
ful and careful, he has discovered that the soda and 
cream of tartar, when mixed and dissolved, yield a 
compound which tastes not in the least like the ingre- 
dients ; the sulphur gives a disagreeable smell when 
it bums; the water, stained by purple cabbage, in- 
stantly changes its color when vinegar is added ; the 
magnet does not attract the iron filings from the sul- 
phur when the mixture has been strongly heated ; 
nor can the particles of copper be distinguished from 
the sulphur, even by means of a magnifying-glass. In 
other words, you have made chemical corrvpmmds^ and 
these are unlike mixtures in having new properties, 
and in not being separable into their ingredients by 
the simple means used in the other case. 

There is also another difference not so easily dis- 
covered. In mixtures, the materials are used in any or 
all proportions ; but in chemical compounds only cer- 
tain definite quantities are united. Thus, in the com- 
pound formed in Experiment 4, sixty-five grains of 
iron combined with just thirty-two grains of the sul- 
phur ; and if there was iron or sulphur in the mixture 
in proportions other than these, then the excess was 
left uncombined. 
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EXERCISE ni. 
Chetnieal AfflnUy. 

Pbovidb for this exercise five cents' worth of lunar 
caustic, unslaked lime (a piece as large as an egg), a 
little sal ammoniac, a sheet of red litmus-paper (see 
Exercise XIII), and a clean pen. All these things 
yon can buy at a drugnstore for a few cents. 

The lunar caustic will be in white sticks. It is 
poison^ and you will need to use it with care, not only 
because it is corrosive, or eating to the flesh, but be- 
cause when it is dissolved the liquid will blacken 
whatever it toaches, and leave a stain which can not 
be washed off (see Exercise XIX). 

Sal ammoniac comes in white, fibrous cakes or 
pieces. It is very tough, and, on this account, hard to 
pulverize. 

In city schools, where buildings are lighted by gas, 
it can be used for heating substances. By means of 
what is known as the Bunsen burner (see Exercise 
XXVI), the ordinary gas-flame becomes hotter and 
less luminous. Wherever this can be used, it is the 
most convenient source of heat for chemical work. If 
this is not to be had, a small lamp in which alcohol is 
burned will be wanted. Provide also a mortar and 
pestle for grinding substances to powder. 

But when these conveniences are not available, a 
little ingenuity will enable the pupil, in this case and 
many others, to devise ways and means for perform- 
ing an experiment without much diflSculty and with 
but little apparatus. For instance, a spirit-lamp can 
be made by perforating the cork of a wide-mouthed 
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bottle, and inserting in this hole a small piece of glass 
tube to hold the wick (see Fig. 3). An old brass or 
iron thimble will serve for a cap to extinguish the 

flame, and to prevent 
the escape and waste 
of the alcohol. 

The mortar and 
pestle (Fig. 4) may 
be dispensed with by 
wrapping the sub- 
stance to be pulver- 
ized in strong paper, 
laying it on a stone 
or brick, and pound- 
ing it with a ham- 
mer. 

Experiment 1. — 
Mix sugar and salt, 
grind the mixture to 
bring the particles 
near together, and 
pour boiling water 
on it to dissolve the 
ingredients. Heat the mixture, either over gas, a 
spirit-lamp, or the stove, and finally, after the liquid 
has cooled, taste it to see if there seems to be any 
change of properties. Have you any reason to think 
that the mixture has become a chemical compound ? 

Experiment 2. — Put a lump of sal ammoniac, as 
large as the end of your finger, into a mortar, add to 
this about as much unslaked lime, and, after putting 
them together, smell them ; also hold a strip of red 
litmus-paper over them. Is its color changed ? 




Fig. 3. 
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Now grind the lime and sal ammoniac together, 
and, when this is thoroughly done, smell again, and 
hold red litmus-paper over them. What change do 
you discover ? 

ExpERiMBNT 3. — Make some indelible ink * by dis- 
solving the white pieces of lunar caustic in a very lit- 
tle water, in a tiny bottle. 
Dip a clean steel pen or a 
quill pen into the solution, 
and write your name with 
it, on a piece of smooth 
muslin; expose this writ- 
ing to strong sunlight. 
Also write on a second 
piece of muslin the same 
name, and immediately put 
it into a dark place. At 
the end of half an hour 
compare the two names. 
What is the difference ? 

Experiment 4. — Re- 
peat Experiment 4, " Chemical Compounds." What 
agency seemed to change the mixture to a chemical 
compound ? 

Experiment 6. — Put a lump of unslaked lime as 
large as a butternut into a tin basin ; pour cold water 
slowly over it (Fig. 5), and hold your hand over the 
lime ; also feel the outside of the tin dish. What ac- 
companies chemical union in this case ? 

In the experiments in this, as well as in the pre- 
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♦ If you have indelible ink, it will serve the same purpose as dis- 
solved lunar caustic. 
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viouB exercise, jou have met some tmexpected results. 
Sal ammoniac and lime, when thoroughly ground and 
mixed together, yielded a strong odor, like smeUing- 
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salts ; when cold water was poured on unslaked lime, 
it seemed as if a fire had been kindled, so much heat 
was given out ; and purple-cabbage water became green 
the moment vinegar was added! How can these 
changes be explained? If you ask the chemist to 
account for these curious results, he will probably tell 
you that a force called chemical affinity has been op- 
erating here ; and if you ask him to explain still fur- 
ther what this is, he will reply that " it is an attractive 
force." 

Perhaps you have learned in natural philosophy 
that cohesion, adhesion, and gravitation are attractive 
forces, and you ask, " Which of these is the new force 
like?" Let us consider. Cohesion is attraction be- 
tween the same kinds of matter acting when the par- 
ticles are close together ; adhesion, attraction between 
unlike particles ; and gravitation, the force which acts 
at all distances and between all kinds of matter. All 
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these agree in one particular — ^that is, in not changing 
the material acted upon ; but whenever this other 
force — chemical affinity — operates, substances are 
changed. Just what this new power is, no one knows, 
but its effects can be studied, and how and when it 
acts. One thing we have already discovered — this is, 
that when certain substances are brought into close 
contact, they disappear ; and new ones, having qualities 
unlike either of their ingredients, appear. 

Those substances which unite are said to have an 
affinity for each other. The strength of this attrac- 
tion varies greatly in different cases. Sometimes it is 
so intense that combination takes place suddenly and 
with explosive violence, and again it is the slow work 
of days and weeks. 



EXERCISE IV. 
Solution. 

Washing-soda, alum, saltpeter, and chalk are sub- 
stances in common use ; you will want small quanti- 
ties of each. Also buy at a druggist's a quart of alco- 
hol ; this will be often wanted, especially if a spirit- 
lamp is much used. Keep the bottle containing it 
tightly corked, to prevent its evaporating. 

A test-tube, some beakers or kitchen-cups, and a 
thermometer, will complete the outfit for this day's 
work. 

Test-tubes and beakers are thin-bottomed glass ves- 
sels, adapted to withstand heat. The former (Fig. 6) 
can always be used in experimenting with small quan- 
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tities of liquids or solids. Two sizes can be obtained, 
and when bought in quantity they cost only two or 
three cents apiece. By all means have a stock of 
these on hand, for they will 
often take the place of much 
more expensive things. Test- 
tubes can be cleaned by means 
of a bit of sponge fastened 
either to a stick or wire. 

Beakers (Fig. 7) are sold in 
nests of difEerent sizes; they 
are the most convenient vessels 
for heating other than small 
quantities of liquids, but, with 
care^ many things can be done by means of thin kitch- 
en-cups and common tumblers ; the latter can not safely 
be heated. When heat is to be applied 
to vessels, stand them on a tripod or in 
the ring of a retort-stand (see Figs. 8 and 
9). Protect them from the naked flame 
by a piece of wire gauze or a sand-bath 
(see page 42). 

Apply heat slowly to all vessels 
used for heating liquids, and avoid ^^^* ^' 

putting them, when hot, in contact with cold sur- 
faces. 

A thermometer is a heat-measurer. It is con- 
structed on the principle that heat expands substances, 
and cold causes them to shrink or contract. Perhaps 
you have noticed that water often runs over from the 
tea-kettle when it is heated. The expansion and con- 
traction of this liquid might be used to mark different 
degrees of heat, but mercury is more commonly used 
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because it boils at a higher temperature and freezes at 
a lower one. It also expands more regularly. 

To make a thermometer, the mercury is inclosed 
in a small glass tube, at one end 
of which there is a little bulb 
or sac. The air is driven out 
of this tube and the upper end 
is closely sealed. When heat 
is applied, the mercury will be 
seen to rise slowly in it; and 
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when it cools, the mercury shrinks back into the 
bulb, or contracts. In order to tell Jiow mttch or how 
little expansion there is, a little scale is attached, 
marked in degrees. To get a starting-point on this 
scale, the closed tube of mercury is placed in melting 
ice and left there until the mercury comes to a stand- 
still. This point is the freezing-point of water. 
Sometimes it is called the 5^ro - point— that is, the 
nothing-point. A mark is made on the glass corre- 
sponding to it. The tube is next plunged into a ves- 
sel of boiling water, and the mercury rises to a point 
where it stops expanding, at the boiling-point of wa- 
ter. A second mark is made on the tube, and between 
these two marks the space is divided into degrees. 
On the thermometer scale most used in this coun- 
2 
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try, called the Fahrenheit scale, the space between the 
"boiling" and "freezing" is divided into 180®. 

The centigrade thermometer is exactly like the 
Fahrenheit, except in its marking. On the former 
the space is divided into 100°. If you 
immerse a thermometer of each kind in 
boiling water, the mercnry in the centigrade 
will rise to 100°, in the Fahrenheit to 212° ; 
plnnge them into melting ice, and the low- 
est mark — zero centigrade — ^will correspond 
to 32° Fahrenheit. Fig. 10 shows the dif- 
-** ferent scales. 

Experiment 1. — 1. Fill four cups, or 
beakers, of the same size, each just half full 
of cold water; add to one cup two table- 
spoonfuls of common salt; to the second, 
the same quantity of sugar; to the third 
and fourth, the same quantities of powdered 
washing-soda and chalk. Stir well to dis- 
solve the substances, and carefully observe 
the liquids. Which dissolved most quickly, 
salt or chalk? Is the water in the different cups 
clear or cloudy ? 

2. If there should remain undissolved matter in 
any of the cups, heat these to the boiling-point (212° 
Fahr.). This can be done over a spirit-lamp or on the 
stove, but in either case apply the heat gradually, stir- 
ring the contents of the cups meantime, to avoid break- 
ing them.* When the water boils, look to see if the 
solid has all disappeared. 

* Any sediment at the bottom of a liquid in a vessel is liable to 
produce a peculiar bumping noise when heat is applied. To avoid 
danger of breakage from this, shake or stir constantly. 
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3. If all the solid has disappeared in any of the 
cnps after the heating, add another tablespoonfnl, stir 
thoroughly, and heat to the same point again. Con- 
tinue this treatment until a little undissolved matter 
remains in each cup. Finally, let the liquids cool, and 
note any further change. 

The hquid used to dissolve a solid is called the 
solventy and the process is solution. * 

If you refer to Experiment 2, in the last exercise, 
you will remember that the substance called sal am- 
moni^-c, when mixed with lime, gave out a peculiar 
odor, and that litmus-paper, when held over the mixt- 
ure, changed from red to blue ; and, if we go a Kttle 
further back to the subject of " chemical compounds," 
we learn that this change of color is one of the indica- 
tions of chemical union ; but observe — the testrpaper 
showed no change of color until tUepaHides had heen 
hrought together hy grinding and pressure. That 
chemical imion may take place, it is often necessary 
not only to pulverize things but to dissolve them, in 
order that their particles may have greater freedom of 
movement.* The particles of a dissolved substance 
are much more finely divided than in the case of mixt- 
ures. You have discovered by the experiment given 
above, that the minute grains can not be seen in the 
liquid, and that none of them settle at the bottom 
(when once dissolved) unless some water has evaporated. 

When a liquid has dissolved all it can of a solid, it 
is said to be satisfied or saturated. 

* In all cases solution may be hastened by breakinj^ up the lumps, 
and by bringmg fresh portions of liquid into contact with solid matter 
by shaking or stirring. 
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Experiment 2. — Make a saturated solation of Kme- 
water, by pouring a quart of cold water on a piece 
of unslaked lime as large as a butternut, in anj ves- 
sel, allowing it to stand six hours undisturbed, and 
then pouring off the clear liquid into a large bowl. 

Expose this clear lime-water to the atmosphere for 
twenty-four hours, and then note any change in its 
appearance. 

Also fill a bottle with clear lime-water, cork * it 
tightly, and reserve it for Exercise VII. 

Experiment 3. — Make a saturated solution of 
sugar in hot water ; allow it to cool, and note the dif- 
ference between the cooled and the hot liquid. 

Experiment 4. — Make the same observations on 
alum solution. Is water satisfied more quickly by 
sugar or alum ? 

The previous experiments show that some solvents 
are much more easily or quickly satisfied than others. 
Generally, it takes more to satisfy hot liquids than 
cold ; but careful experiment proves that the limit is 
always the same for the same s^ibstance when heated 
to the samve degree. In one or two cases cold water 
will dissolve more of a solid than hot water will. Can 
the pupil think of any case in which this is true ? 

* It is well to roll corks between two hard surfaces before fitting 
them to bottles or test-tubes. This softens them, and by means of a 
alight twist aud a little pressure they may be made to fit very tightly. 
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EXERCISE V. 
Tinctures and Change of Tevnperature in SoiuHonm 

Buy at a druggist's five cents' worth of camphor- 
gam, five cents' worth of Glaaber's salts, and a small 
bottle of hydrochloric acid.* Add to this collection 
some green leaves and the petals from bright scarlet 
and yellow flowers. Turn to page 57 for directions 
in using the strong acids. 

ExPEBiMENT 1. — Put a piccc of camphor-gum as 
large as a chestnut into a wineglass of water. Will it 
all dissolve ? 

Experiment 2. — Put a piece of camphor-gum of 
the same size as that used in Experiment 1 into a 
wineglass of alcohol, and, if it dissolve, save the so- 
lution for Exercise VII. 

ExPEBOiENT 3. — Soak half a dozen fresh, green 
leaves in water, and put as many more into alcohol, 
and let them remain the same time. What difference 
do you discover? 

Experiment 4. — Repeat Experiment 3, using, in- 
stead of green leaves, the petals of any yellow flower ; 
also, try the same with bright geranium-petals. 

Water will dissolve so many things that it is often 
spoken of as the unwersal solvent. Its use in cook- 
ing and cleaning is due largely to this power which it 
has of dissolving or extracting the qualities of sub- 
stances. The soup we eat, and the tea we drink, as 
well as the tinctures prescribed by the doctors, are all 
solutions of some kind. 

* Hydrochloric acid is frequently called muriatic add. 
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Tinctures are non-volatUe * substances dissolved 
in alcohol. Originally, the word tincture meant some- 
thing to which a tint or color had been given, but now 
it often means an extract to which any other quality 
than color lias been imparted. 

Volatile substances dissolved in alcohol are called 
spirits of those substances — as spirits of camphor. 

There are other solvents besides water and alcohoL 
Ether and the strong acids dissolve a class of sub- 
stances not acted upon by the common solvents, and 
air dissolves water as water dissolves solids. There is 
water in the air in the clearest day, although we can 
not see it, for the same reason that we can not see salt 
and sugar when they are dissolved in water. 

Experiment 5. — Dip a common thermometer-bulb 
into a cup of cold water and carefully note the tem- 
perature of the water ; dissolve as much salt as you 
can in the same cup of water, and afterward test the 
solution by the same thermometer. What do you dis- 
cover? 

Experiment 6. — Repeat Experiment 5, using, in- 
stead of salt, saltpeter. How does the saltpeter solu- 
tion diflfer from the salt solution ? 

Experiment 7. — Fill a common tumbler almost 
full of Glauber's salts; pour over this powder hy- 
drochloric acid enough to thoroughly wet it. Now 
plunge into this moistened powder in the tumbler a 
small test-tube, into which you have poured a little 
water, and, after leaving it for a minute or two, note 
what has happened. 

This process of solution, though very simple, is 

* Volatile — ^having a tendency to escape into the air — to evaporate. 
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interesting and important; it prepares the way for 
chemical affinity by bringing the particles near to- 
gether. This is easily iUnstrated by a kitchen experi- 
ment which yon will remember nnder " Chemical Com- 
ponnds." The cooking-soda and the cream of tartar, 
in Experiment 1, united when the soda had been pre- 
vionsly dissolved in water ; bnt, if the two substances 
had been mixed dry, they would have remained a 
mixture. The water, however, dissolved the soda, and, 
immediately upon the addition of &e cream of tartar, 
violent foaming or effervescence took place, and chem- 
ical union was the result. Ginger-beer and Seidlitz 
powders are other familiar illustrations of mixtures 
which show no affinity for each other until solution 
takes place. 



EXERCISE VI. 
CrysUjUlizaUan, 

Add to the stock of materials already provided, 
an ounce of blue vitriol, an ounce of gum arable, and 
a piece of glue. Washing-soda, alum, saltpeter, sugar, 
and salt will also be used. 

Blue vitriol is a poisonous compound of sulphur, 
copper, and oxygen, which you can safely handle, but 
must not taste. It is used in galvanic batteries and in 
calico-printing. 

Increase your stock of apparatus by a Florence 
flask, a pocket magnifying-glass, a clay pipe, and a 
measuring-glass; and have at hand a piece of win- 
dow-glass and an iron spoon. The flask is a narrow- 
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necked bottle (see cut) of thin glass, and so named be- 
cause, years ago, olive-oil was brought from Florence in 
similar bottles. Like test-tubes, these bottles will bear 
heat well, and be useful in 
many ways. They cost a little 
more, the usual price being 
twelve or fifteen cents apiece. 
The pocket magnifying-glass 
is a small one, which folds into 
a horn case, and which you 
may have already used in ex- 
amining botanical .specimens. 
The measuring-glass is a con- 
venient vessel for measuring 
and pouring liquids. It has a 
scale attached, and a pitcher-shaped mouth, from 
which liquids pass without spilling (see Fig. 12). 
It is not, however, a necessity. 

Experiment 1. — Make a saturated solution of com- 
mon washing-soda by dissolving as much as you can 
in a test-tube half full of hot water. Leave the solu- 
tion undisturbed for a day, and then 
observe the sides of the test-tube. 

Experiment 2. — Make similar 
observations to the above on a satu- 
rated alum solution. 

The particles of soda and of alum 
seen on the sides of the test-tube in 
Experiments 1 and 2 are called crys- 
tals. The process by which these 
were formed is crystallization. The 
soda-crystals all looked alike in shape, and the alum- 
crystals looked alike ; but the two kinds were quite 
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different. This uniformity of crystalline shape in the 
same substance which you discover, sometimes gives 
a useful clew leading to the detection of substances. 

Experiment 3. — ^Dissolve as much common salt as 
possible in half a teacupfnl of boiling water; let 
the solution cool ; then observe if any crystals have 
deposited. What inference may be drawn from 
this? 

Divide the solution ; set one half in a warm place, 
and boil away the water from the other half. At the 
end of two days, look at that left in the warm place, 
and compare it with the part which the water was 
boUed away from. What difference do you discover 
in the shape of the crystals i 

Experiment 4. — Dissolve an ounce of white sugar 
in half an ounce of hot water. Pour the solution into 
a clean bowl, and leave it in a warm place to slowly 
evaporate. Observe, when the crystals form, if they 
differ from salt^jrystals deposited in the same way. 

Experiment 5. — Pulverize half an ounce of alum, 
also half an ounce of blue vitriol, either by grinding 
them in a mortar, or by the method explained in Ex- 
ercise III. Mix the powdered alum and vitriol well 
together ;. dissolve this powder in eight teaspoonfuls 
(an ounce) of hot water, and leave the solution undis- 
turbed twenty-four hours. Observe the crystals, and . 
note any peculiarity. 

Experiment 6. — ^Make a solution of gum arabic by 
dissolving half an ounce of the gum in an ounce of 
cold water. At the end of a week, examine the solu- 
tion for crystals. 

Experiment 7. — ^Examine under a small pocket 
magnifying-glass pieces of glae, gum arabic, and glass ; 
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also the deposits from the sohition of alum and bine 
vitriol. 

Experiment 8. — Put a teaspoonful of powdered 
saltpeter into a teaspoonful of cold water in a test-tube. 
Gradually bring the test-tube to the flame of a spirit- 
lamp, slanting it a little to avoid too sudden exposure 
to the heat. When the water is heated to the boiling- 
point, the powder will probably have dissolved, but, 
if not, shake it, and boil for an instant. Pour the so- 
lution out, and set it aside to cool. When crystals 
have deposited, put them on blotting-paper to dry, 
and then look at them through the magnifying-glass. 
What shape have they ? 

Note. — ^These experiments may be extended by using bichromate 
of potash, prussiate of potash, and copperas. The first will give deep- 
red crystals ; the second, yellow ; and the third, green ones. 

If you have carefully performed the experiments in 
this and in the preceding exercise, and thought about 
them as you watched the rearrangement of particles, 
you have no doubt seen that crystallization is the op- 
posite of solution. This process is essentially the 
same, whether it goes on during a snow-storm, giving 
us forms of surpassing beauty (see cut), or by the slow 
cooling of substances that have been in solution. 

Crystals abound everywhere in nature. We see 
them as snow, frost-work, and in minerals. They vary 
greatly in size ; some being so small that they can not 
be seen by the eye unaided, while others are so large 
that we could not possibly lift them. When this re- 
arrangement of particles goes on slowly, the crystals 
are large and more nearly perfect; but when the 
change takes place quickly, they are small and im- 
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perfect. Yon must not conclude, however, that every- 
thing will crystaUize, or show the least approach to 
regular structure. Such as do not are termed amc/r- 
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pkic — meaning without form. A few substances 
crystallize in two, or even more different forms. 
These are dimorphic (two forms). 

Experiment 9. — Put a few alum-crystals into an 
iron spoon, and hold this over the flame of a lamp, or 
over the tire. What happens ? 

Experiment 10. — Try the same experiment with a 
little saltpeter. What is the difference between this 
and the alum ? 

Experiment 11. — Fill the bowl of a common clay 
pipe with blue-vitriol crystals ; heat as before, and ob- 
serve what change takes place. 

Experiment 12. — Put a few transparent crystals of 
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Glauber^s salts on blotting-paper, and leave them ex- 
posed to the air for a few days; then note their ap- 
pearance. 

The crystals of some oomponnds contain water, 
even when they look perfectly dry. This wat&r of 
crystaUizdtion^ as the chemist calls it, is a part of the 
crystal, as you have seen by heating alUm, which ex- 
pelled it, leaving only a powder behind. Sometimes 
thifi escapes at ordinary temperatures ; and when sub- 
stances yield it naturally, gradually changing from 
crystals to a mealy powder, they are said to effloresce, 
or flower, as the word really means. 

Note. — Some substances take water from the atmosphere. These 
are said to deliquesce — a word which means to melL 



EXERCISE VII. 
Precipitation. 

Only some small lumps of potash and copperas, and 
a glass tube or pipe-stem additional, are needed to^ay. 
Materials which you have become familiar with in one 
exercise will not be enumerated in following ones. 
Spirits of camphor, a common household remedy, you 
obtained in Exercise V (Experiment 2). You remem- 
ber that camphor-gum scarcely dissolved at all in 
water, but that alcohol quickly acted upon it. The 
old name for alcohol was " spirits ofwine,^^ and sub- 
stances dissolved in it are either tinctures or spirits, as 
explained before. 

Potash is an interesting compound to the chemist, 
and a useful one in the household, where it is used in 
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soap-inaking. It can be bought at any ooontry store 
or grocery. You could get it by boiling wood-aahes in 
water, and afterward evaporating the water from the 
solution. Until within a few years it was chiefly ob- 
tained from this source ; now, the chemist understands 
how to get it elsewhere. It is said that a thousand 
tons are yearly obtained from the dirty water in which 
wool has been washed. The sheep, in feeding, take 
compounds containing potash from the soil ; these ex- 
ude in perspiration and adhere to the wooL Potash is 
eating or corrosive to the flesh, and care must be exer- 
cised in using it. Avoid touching it with your fin- 
gers; and if you have more than you want to use 
immediately, keep it in a tight bottle away from the 
moisture of the air. (For fuller directions, turn to the 
exercise on " Acids, Bases, and Neutral Substances.") 

Copperas, or green vitriol, is another compound 
used frequently in the household. It comes in green 
crystals, which are poisonous ; but this does not pre- 
vent its being very useful in destroying bad odors and 
cleansing sinks, drains, and foul places. Substances 
which do this are called disinfectcmts. 

Experiment 1, — ^Pour a little clear water into half 
a wineglassf ul of spirits of camphor. What effect ? 

ExPERiMEKT 2. — Blow for ten or fifteen minutes 
through a pipe-stem or a glass tube into a tumbler half 
full of perfectly clear lime-water. (This lime-water 
you prepared in Experiment 2, " Solution.") Observe 
if any change takes place in the Kme-water, and save 
the contents of the tumbler for the next exercise. 

Experiment 3. — Dissolve a crystal.of blue vitriol 
in clear water ; add to the solution a little piece of 
potash. 
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Experiment 4. — Dissolve a small lump of copperas 
in a test-tube half full of warm water. Into this drop 
two or three drops of nitrate-of -silver solution,* Ex- 
periment 3, " Chemical AflSnity." Observe the fine 
powder which appears in the test-tube. What does it 
look like? 

Experiment 5. — Boil and afterward cool a wine- 
glass of water; drop into it two or three drops of 
the nitrate-of -silver solution. Is the water discolored 
by this? 

Dissolve a lump of common salt as la/rge as a pea 
in a teaspoonf ul of water, and observe if the salt dis- 
colors the water. Finally, add the salt water to 
the water containing the nitrate of silver. What 
change ? 

The particles of solid matter which have disap- 
peared in a solvent, and seem to be lost in it, may fre- 
quently be shown to be merely hidden among the par- 
ticles of the solvent. Evaporating (boiling off the 
water, or exposing it to the slow action of the atmos- 
phere) or cooling the liquid may show them still there. 
Their cohesion has been overcome for a time by a 
stronger force. 

In the experiments above, the solid is separated 
from solution instantaneously by the addition of a 
third substance. When the separation is accomplished 
in this way, the solid obtained is the precipitate^ and 
the process is precipitation' 

Thus, when the water was added to the dis- 
solved camphor, suddenly the particles reappeared; 
the clear lime-water became turbid or milky, because 

* Lunar-caustic solution. 
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something was added from the breath (see carbonic 
acid). The other experiments illustrate the same 
process. 



EXERCISE VJir. 
FiUratUm. 

Steong, white blotting-paper, or even common 
newspaper, may serve for filtering ; these can be used 
in an emergency, but JUter-paper prepared for this 
purpose, which may be bought at any drug-store, is 
much better. Writing-paper will not do at all, be- 
cause its pores are filled with starch or glue. 

A funnel will be wanted to support the cut filter ; 
this funnel, in turn, must be supported in the mouth 
of a fruit-jar, or in some kind of a ring. An iron 
ring-stand, sometimes called a retort-stand (see page 
23), is useful for this purpose. If the latter is used, 
you will also need a tumbler or other glass vessel, 
into which the end of the funnel-tube should enter. 

To prepare a paper filter^ first cut a square of 
paper ; next, fold this square through the middle ; and 
again, at right angles to the first fold, or into quarters. 
Trim the edges to convert the square into a circle, and 
finally, open the folded paper so as to make a hollow 
cone, having three thicknesses on one side and one on 
the other (see Fig. 14). Place this paper cone in the 
funnel, moisten it with water, and press it gently with 
the fingers to make it more readily fit the sloping 
sides. The moistening can be done best by means of 
ikM^washA>oUle (Fig. 15). This is a wide-mouthed bot- 
tle, with a sound cork, into which two tubes are fitted, 
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bent as seen in the 
figure. The obtuse- 
angled tube passes 
just through the 
cork; the other, which 
terminates in a jet or 
very small opening, 
passes to the bottom 
of the flask. The 
bottle is partly filled 
applied to the obtuse- 
f rom the lungs, and the 



with water, and the mouth 
angled tube. Air is forced in 
increased pressure from this 
drives the water up the 
second tube and out at its 
opening. 

Like some other things 
which you have been told 
how to use, the wash-bottle 
is a convenience ; but it can 
he dispensed with by the in- 
genious pupil, who may have 
at hand only such appliances 
as cups, bottles, tubes, and a 
lamp. The additional ma- 
terials required for filtration 
are common dark vinegar, 
bluing used in the laundry, 
and muddy water. 

ExpERniENT 1. — Pour 
muddy water into a paper 
filter arranged as described above. Do not quite fill 
the filter with the liquid. The water will slowly drip 
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through into the glass (Fig. 16). Notice if it looks 
as it did when you poured it into the paper. 

Experiment 2. — Pass, water, colored by common 
washing-blning, through a filter, 
and compare the result in this 
case with that in Experiment 1. 

Experiment 3. — Filter * 
common, dark, cold vinegar. 
Observe the liquid which passes 
through. Filter an equal quan- 
tity of hot vinegar. Which goes 
through the filter most quickly 
— the hot or the cold? 

Experiment 4. — Mix some 
fine, white sand with sugar, and 
pour boiling water on the mix- 
ture. Pour this— sand, sugar, 
and water — into a filter; and 
when the liquid passes through, taste to see what went 
with it — sand, sugar, or both together. 

Experiment 5. — Filter the lime-water saved from 
Experiment 2, " Precipitation." 

It often happens that solids are mixed with liquids, 
as in the case of running water in brooks and rivers. 
The water has washed sand and dirt from the banks 
of the stream and loosened it from its bed. Dirt of 
this kind would, much of it, settle as sediment if 
the water were undisturbed, but it may also be 
separated by this process of fit/ration. The clear 
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* The porous material through which the liquid passes, and the 
process, are both often described by the same term : thus we s&yy JiUer 
the liquid ; and, the Jilter is of paper. 
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liquid, after it has passed tlirough the filter, is called 
the fiUrate. 

The pupil will sometimes want to save the solid 
separated from the filtrate. In order to transfer this 
from the paper to any vessel, take the filter carefully 
from the funnel, and, after spreading it on a clean 
plate, scrape off the solid matter by means of a knife 
or spatula.* 

In the experiments in tliis exercise only paper 
filters have been nsed ; but sand, charcoal, or even a 
sponge may serve the same purpose. These porous 
materials all act like a sieve, letting the water and 
everything dissolved in it pass throngh, but retaining 
solid particles. 

DeeantatioTij which consists in pouring off a liquid 
carefully from its sediment, is often resorted to, in- 
stead of the more troublesome process of filtration. 



EXERCISE IX. 
IHstiUatUm atul StMimation^ 

Buy a few iodine-scales at any place where chem- 
icals are sold — ^five cents' worth will be enough ; they 
look like black-lead, only darker in color. This sub- 
stance takes its name from its beautiful violet-colored 
vapors. It is used in the process of photography, 
in dyeing, and in medicine. It is poisonous when 
taken internally, but it is safe to handle it. A very 

* A npattda is a thin, broad-bladed horn knife, used by the chemist 
to mix powders, etc 
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little will serve for the experiment in this exercise, 
but you will want the remainder for Exercise XXV. 
Keep it in a glass bottle, tightly corked and plainly 
labeled. 

The additional materials wanted are port-wine 
and glycerin, a small quantity of each. 

The apparatus for distillation usually consists of a 
thin glass vessel with a bent neck, called a retort * (see 
Fig. 17). This is connected with another glass vessel 
— a receiver or condenser. 

Instead of the retort, a Florence flask with a bent 
tube inserted in its cork, and 
this connected with another 
Florence flask to serve as a 
receiver, will answer. A com- 
mon clay pipe may be used in ~ ^^^ ^^ 
place of the bent tube. Moist- 
ened paper wrapped around the stem or tube will 
make the connections tight (see Fig. 18). 

The liquid to be distilled is poured into the retort ; 

heat applied 
underneath by 
a spirit - lamp 
causes the va- 
por to pass from 
one vessel to the 
other, where it 
is condensed. 
Wet cloths or 
^^* ^®' moistened blot- 

ting-paper, wrapped around the receiver, will hasten 

* A small retort will cost twenty or twenty-five cents. 
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the condensation of the vapor. If the retort rests in a 
small sheet-iron dish filled with clean sand— .called a 
sandiath — ^the heat will be gradually conducted to 
the glass and all danger of an explosion avoided. 

ExPEEiMENT 1. — Fill a retort or Florence flask 
about half fuU of salt water; connect the neck of the 
retort with a receiver ; apply heat by means of a spirit- 
lamp, and condense the steam in the receiver by wrap- 
ping it in wet cloths. Taste the condensed vapor. 
Is it like the salt water in the retort ? 

Boil off the remainder of the water in the retort, 
and notice if anything remains on its sides and bottom. 

Experiment 2. — ^Distill, as in previous experiment, 
common bluing-water. What result ? 

Experiment 3. — Distill some dark-colored vinegar 
or port wine. In this case be careful not to apply heat 
too long, or until everything becomes vapor. 

Experiment 4. — Mix glycerin and water; shake 
the mixture thoroughly, or until there seems to be 
perfect combination, and afterward distill the mixture. 
Can you separate the ingredients ? 

This process is named distillation^ from a word 
meaning to drop. The pure liquid condensed in the 
second vessel is called distilled liquid. 

A familiar illustration of this process is that of 
rain. Moisture from the earth's surface ascends in the 
form of vapor. When the air which carries the moist- 
ure reaches a colder region, it contracts or condenses ; 
but condensed air can not hold so much moisture in its 
interstices * as expanded air can, and gives up the sur- 
plus. This in turn condenses or crystallizes, and falls 

* Spaces between the parts. 
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to the earth as rain or snow. It makes no difference 
whether the process is watched by the chemist as it 
goes on in a retort, or on the gigantic scale by which 
all the waters on the earth^s surface are distilled. In 
either case, the process is a purifying one. 

By distillation a liquid may be separated from a 
solid dissolved in it, or one liquid may be separated 
from another, if they do not hecome vwpor% at the same 
temperature. 

Experiment 5. — Put a little camphor-gum into a 
small Florence flask or thin glass bottle (the glass 
should be perfectly dry); 
cork it tightly, and expose 
it to direct sunlight for six 
hours; then observe the 
sides of the glass (see Fig. 19). 

Experiment 6. — Put a 
few iodincHScales into a per- 
fectly clean flask or bottle ; 
cork, and heat very gently 
over a spirit-lamp. 

Experiment 7. — Put 
some small lumps of sal am- 
moniac in a test-tube ; heat 
this over a spirit-lamp, and 
when it becomes vapor, cool 
the test-tube and notice the 
appearance on the glass. ^^^' ^^' 

Solid substances which can be vaporized at moder- 
ate heat are purified by sublimation. The process is 
not very unlike distillation. The materials, at first, 
are heated, and afterward the vapor is recondensed by 
cold. The product, always solid, is called the svMi- 
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mate. Flowers of sulphur are obtained from crude 
sulphur by this process. 



EXERCISE X. 
Glass- Working. 

EvEBTTHmG necessary for the most simple or most 
elaborate chemical experiment can be bought ready 
made and fitted, and in large schools ample provision 
for chemical work is made ; but apparatus is liable to 
be costly, and a little practice and contrivance will en- 
able the pupil to make it at trifling expense, and with 
the further advantage of acquiring skill in adapting 
means to ends. As explained before, a common clay 
pipe will sometimes take the place of a bent tube ; 
but often the latter is wanted ; and with a little skill, 
straight glass tubes can be converted into bent ones. 
Buy a dozen soft glass tubes of different sizes and of 
medium thickness. They will cost only twenty-five 
cents. Ask for such as have no lead in them. This 
element in glass renders it too fusible, or liable to sud- 
denly melt down. 

To iend a glass tube. — Hold the tube in both 
hands while turning it constantly in the flame of a 
spirit-lamp. Allow the flame to strike about an inch 
of the tube where it is to be bent. When the glass 
softens a little, or yields to pressure, take it from the 
flame and bend it slowly, keeping the convex part 
next to you (see Fig. 20). 

Cool the tube gradually by resting it on something 
which will conduct the heat from it slowly. 
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Note. — ^In working glass avoid all draughts ; even the moving of 
persons in the room will render the flame unsteady. 

To close a tvhe at, one end. — Heat the tube as for 
bending ; take it from the flame, and draw steadily 
apart the two portions of the tube on each side of the 
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heated space ; finally, close the end by reheating it in 
the flame. 

Bulbs or sacs may be blown in glass tubes at the 
end or in the middle ; but this is a very delicate oper- 
ation, and it requires much practice to insure success. 
It is done by closing one end of the tube, applying 
heat at the point where the sac is to be made, and, 
when this spot becomes red hot, removing it from the 
flame, and blowing gently and steadily in at the open 
end to expand the soft glass. This must be done cau- 
tiously; and as soon as the glass is seen to enlarge 
the force should be lessened. 

Glass-cuUmg is done by a glazier with a diamond ; 
but as the pupil is not likely to have one, he will want, 
instead, a sharp three-cornered file. Success in this 
work depends much upon the thickness of the glass, 
as you will discover in practice. 

To cut a glass tube, — Make a notch at the point 
where you want to cut it by slightly moving the tube 
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along the edge of a file ; afterward, grasp the tnbe 
with both hands and break it, holding the notch from 
you. 

If the tube is a large one, mark it all the way 
around by the file, in addition to the deep notch on 
one bide. 



EXERCISE XI. 
I>e€afnpo»iHan» 

Red oxide of mercury is, as its name implies, a 
red powder. It is a poison, but, like iodine, it can be 
safely used for experimenting. An ounce of it will 
cost ten or fifteen cents, but haK that quantity will be 
enough for the following work. Red litmus-paper 
and chalk you have already used, and probably have 
them on hand. 

A pneumatic trough is a vessel used for collect- 
ing and transferring gases over water. These vessels 
are usually made of sheet-zinc, or earthenware, and a 
school will be likely to have one. A substitute can be 
made out of a common wooden pail, or small tub, by 
placing a sheK inside, about half-way between the top 
and bottom. Near the middle of this shelf a hole 
shotdd be cut, about half an inch in diameter. 

Under the hole in the shelf a tube of some kind 
will carry gas to a bottle or glass jar placed on the 
shelf, just over the hole. The accompanying cut will 
give a clear idea of the apparatus, and practice will 
show you how it is used. 

Pour water into the pneumatic trough until its 
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sheK is about an inch under water. Fill a glass jar 
with water, place the palm of your hand over its 
mouth, and quickly invert it under w^ter in the 
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trough ; now very carefully slip it on the shelf, so that 
its mouth is over the hole, taking care that water does 
not escape and air-bubbles occupy its place. Finally, 
adjust a bent glass tube so that one end will extend 
just under the hole in the shelf, and, at the other end, 
blow air from your lungs into it. Observe what takes 
place in the jar when you blow into the tube. How 
do you accoxmt for the change ? In place of the bent 
tube a clay pipe, with the stem of a second one fast- 
ened into the bowl, may be substituted. The connec- 
tion may be made perfectly tight by means of moist- 
ened paper vn^pped around the stem. 

ExPEEiMENT 1.— Put a little red oxide of mercury 
into a glass, and try to dissolve it in warm or cold 
water. 

Experiment 2. — Put as much red oxide of mer- 
cury as you can take up on the end of a penknife-blade 
into a test-tube, and heat it sLowVy over a spirit-lamp. 
8 
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A handle by which to hold the test-tube over the lamp 
can be made by passing a wire around the tube and 
twisting its ends together. Observe the changes 
which take place in the powder, while the heating 
which must be continued a long time, goes on. Final- 
ly, touch the deposit on the sides of the glass with a 

glass rod or knitting- 
needle. What do you 
seem to have in the tube ? 
Is it like anything you 
have seen before i 

Experiment 3. — ^Meas- 
-, „ ure out about half of 

the red oxide of mercury 
which you bought, and put it into a test-tube. Connect 
with the mouth of this, by means of a tightly fitting 
cork, a bent glass tube, which will terminate under the 
hole in the shelf of the pneumatic trough. Fill a jar 
with water and invert it over the hole, as explained 
before. Either fix the test-tube to a holder or hang it 
over the side of the pail, if this is used (Fig. 21). 
Apply heat by means of a spirit-lamp until all the red 
powder has disappeared. Do this very carefully at 
first, by moving the lamp constantly, so that the test- 
tube may not be overheated at one spot. Bubbles of 
air or gas will soon be seen to pass through the tube, 
and up into the receiver over the hole. When all the 
powder has gone from the bottom of the tube, remove 
the tube and its connections*f rom the water, and after- 
ward extinguish the flame. What change has taken 
place in the receiver, and where has the red powder 
gone to ? 

Note. — In order to insure success in Experiment 3, take care that 



SPECIFIC GRAVITY. 49 

all connectioiis are perfectly tight ; also use a larger test-tube than you 
did in Experiment 2. 

Experiment 4. — Put a small piece of chalk on 
a piece of moistened red litmus-paper. Observe if 
there is any change in the color of the paper. After- 
ward heat the same piece of chalk in the flame of a 
spirit-lamp, and again try it on litmus-paper. 

By far the largest number of substances are com- 
posed of two or more ingredients. Salt, sugar, vine- 
gar, etc., are compounds, and the chemist is able to 
tell you just what their composition is. There is no 
way of finding this out by observation alone, but ex- 
periment will help, in Exercise II you discovered 
that a compound diifers from a mixture, and, further 
on, it appeared that compounds were held together by 
chemical force or affinity. A compound may be sepa- 
rated into the simple tilings it was made of, by such 
forces as heat, light, and chemical action. When this 
is done we have decomposed it, and the process of 
separation is analysis. 



EXERCISE XII. 
Specific QravUy. 

A BALANCE is used in weighing things. The ordi- 
nary scales seen in grocers' shops serve the same pur- 
pose, and perhaps you know already how to use them. 
At any rate, you will need a balance or scales for 
many experiments where accuracy is required. A 
chemical balance consists of an upright post which 
supports a beam balanced on a pivot exactly in the 
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center. Pans are suspended at each end of the beam, 
by means of cords or chains (Fig. 23) ; when these 
pans are empty the beam is horizontal, but when 
anything is put into a pan it goes down and the other 
one goes up. In addition to the balance we must have 
weigkta. These are pieces of metal — lead, brass, or 
iron — not the same everywhere, but fixed ui)on by the 
governments of different countries. Here, in the 
United States, we use weights like those used in Eng- 
land, the starting-point of which was wheat-grains; 

"twenty-four grains oi 
wheat was the weight of 
a penny^ and twenty 
pennyweights made an 
ounce^ and twelve ounces 
a pound." In apothe- 
caries' weight, "twenty 
grai/ns make one scru- 
jple^ three scruples one 
drachm^ eight drachms 
one ounce^ twelve ounces one poundP The pound, 
ounce, and grain are the same in this as in troy weight. 
From time to time changes in these weights have been 
made, to insure greater accuracy, but it is enough for 
us to remember that our weights are made to agree 
with a pattern or standard kept by the Government at 
Washington.* 




Fig. 28. 



* If the pupil lives in the country, it will be found an interesting 
exercise to weigh an ounce of wheat- grains, and afterward to count 
them to see how his grains compare with the present standard. Of 
course, different conditions of soil, climate, and moisture will cause 
the grain to vary in weight. 
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ExPEBiMENT 1. — Place an ounce-weight in one 
scale-pan, and slowly add coffee to the other pan until 
the beam is horizontal When you have weighed out 
an ounce of coffee, save it for comparison with other 
things. 

ExpEEEMENT 2. — Weigh an ounce of fine sand and 
put it in a heap by the side of the coffee. Which 
looks the more ? 

ExPEEiMENT 3. — Weigh ajn ounce of corks, and 
save as before. 

ExPEEiMENT 4. — Weigh an ounce of shot or lead, 
and finally compare the coffee, sand, corks, and 
lead. 

In weighing by this ordinary method you pay no 
attention to size or bulk. We say of things weighed 
without reference to size, that we have found their 
absolute weight. 

ExPEEiMENT 5. — Fill a tumbler up to a certain 
mark * with water. Place it in one scale-pan and coun- 
terbalance it by weights in the other. How much 
does it weigh ? 

Pour out the water, dry the tumbler, and fill it 
with fine sand up to the same mark. Will the weight 
which counterbalanced the water counterbalance the 
sand? 

ExpEEiMENT 6. — In the same way as in Experiment 
5, find which is heavier, bulk for bulk, water or saw- 
dust, oil or water, milk or water. 

Experiment 7. — Fill two tumblers half full of 
water. Pour a teaspoonf ul of fine sand into one, and 

* The tumbler can be marked by scratching it with a file. To fill 
it, place it on a level surface, in order that it may not tip. 
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the same quantity of sawdufit into the other. Do they 
behave in the same way ? 

Experiment 8. — Pour out the contents from the 
tumblers used in Experiment 7, fill again with water, 
and pour a little milk into one tumbler and a little oil 
into the other. Try, by stirring the oil into the water, 
to make it go to the bottom of the tumbler. 

Now, you see that equal hvlka of water and sand 
are of unequal weight, and the same is true of water 
and sawdust, water and oil, water and milk. Observe, 
also, that the things which float in water correspond 
to those which weigh less than water, while those that 
sink correspond to those which weigh more than water. 
When we weigh things, and make an equal bulk of 
water the standard of comparison, in this way, we ob- 
tain specific weight or specifi>c gra/oity. 

In finding specific gravity, pure water is taken at 
a certain temperature, and solids and liquids are com- 
pared with this standard. A cubic foot of water at 
62^ Fahr. weighs 1,000 ounces avoirdupois, and if a 
cubic foot of iron weighs 7,000 ounces its specific grav- 
ity is 7. If water up to the mark in the tumbler is 
taken as 1, and sand up to the same mark requires 
twice as much weight to counterbalance it, or is twice 
as heavy, then its specific gravity is 2 ; if it is three 
times as heavy, then its specific gravity is 3, and 
so on. 

But we can not find the specific gravity of ordi- 
nary solids in this way, because they are of irregular 
shapes, and do not fit a water-measure as the sand and 
sawdust did in Experiments 5 and 6. A delicate bal- 
ance is generally used for the work, having a hook at 
one end of the scale-beam, of the same weight as the 
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pan at the other end, from which things to be weighed 
may be suspended. 

Experiment 9. — Tie a very fine thread or hair to 
a gold ring, and fasten this thread to the hook on the 
scale-beam. Weigh the ring as it hangs in the air, 
and note its weight ; then suspend the ring in a tum- 
bler of water, so that it does not touch the sides or 
bottom, and is completely under the water, and weigh 
it again. Does it weigh more in air or in water ? 

Now find the difference between these two weights, 
and divide the weight of the ring in air by this differ- 
ence ; the result, or quotient, will be the specific grav- 
ity of the ring. If the gold is pure, it will be found 
to weigh about nineteen and a half times as much as 
the water — that is, its specific gravity is 19J. 

ExpEBiMENT 10. — Find the specific gravity of a 
piece of lead. 

If the pupil does not have a set of suitable weights, 
Experiments 9 and 10 may be made by weighing the 
articles in air, with wheat or other grains, and then in 
water, finding the diflference between these weights, 
and dividing the number of grains-weight in air by 
this difference. 



EXERCISE XIII. 

Test-Papers and Test-SoitUians* 

Provide litmus-paper, cochineal, rhubarb-root or 
turmeric-root, and purple cabbage. These are distin- 
guished by their color. Litmus is blue coloring matter 
obtained from certain mosses or lichens found growing 
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on rocks in France and England. litmus-paper is pa- 
per stained by a solution of litmus. Cochineal con- 
sists of the bodies of curious little insects which feed 
upon a species of cactus. This plant was first discov- 
ered and cultivated in Mexico ; but it is now raised 
with great care in other tropical countries, because it 
is the food of these valuable creatures, whose bodies 
yield a beautiful crimson color called ca/rrnmie. Tur- 
meric and rhubarb roots are yellow. You have, per- 
haps, made the acquaintance of the latter as medicine, 
and the former is somewhat like ginger in its qualities. 

Buy half an ounce each of turmeric or rhubarb 
root and cochineal, five cents' worth of litmus-paper, 
and five cents' worth of tincture of litmus. AU these 
you get at a drug-store. 

Experiment 1. — Soak two or three leaves of pur- 
ple cabbage in hot water for ten or fifteen minutes. 
Pour off the purple solution into a bottle, and label it 
" Purple cabbage test solution." Save this for Exer- 
cise XIV. 

Experiment 2. — Put the yellow powder (turmeric 
or rhubarb) into a bowl. Pour on this one ounce * of 
water and two ounces of alcohol. Heat this slowlv, 
and filter the tincture thus obtained. 

Soak inch-wide strips of filter-paper in the yellow 
tincture, and hang them over lines of thread to diy 
in a warm place, where there are no chemical vapors. 
When the strips of paper are dry, keep them in a tight 
box away from light and air. 

Experiment 3. — Grind the cochineal to powder. 
Mix two ounces of alcohol with two of water, and add 

* A fluid ounce is equal to eight teaspoonf uls. 
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the powder. Shake the mixture, occasionally, for two 
days, and pour off the liquid carefully from the sedi- 
ment. 

Pour a little of this tincture into a saucer and 
moisten strips of filter-paper in it, bb you did before. 
Diy these and save them ; also, bottle and label the 
rest of the solution. 

ExPEEDiENT 4, — Soak the petals of the iris, vio- 
lets, or other blue flowers, in a very little warm alco- 
hol. Pour off the alcohol, and press the petals in thin 
muslin to extract the coloring matter. Dip slips of 
filter-paper in this tincture, dry them, and see if you 
can use them in the next exercise as a test for acids 
and alkalies. 

Experiment 5. — Make Ktmus-paper from the lit- 
mus tincture you bought. 

Filter -paper, or any other porous paper, when 
dipped into tinctures of the color-giving substances 
which we have used, and dried, forms test-paper. 
Litmus test-paper is the most convenient variety, be- 
cause it will keep indefinitely if it is protected from 
light and air. 

Not only test-papers and test-solutions, but many 
other things are used by the chemist to show a marked 
property or quality of a substance. In other words, he 
tests or " tries " things. The cook tries her bread or 
cake to see if it is done by running a knitting-needle 
or fine straw into the loaf ; and the workman, in like 
manner, who taps with his hammer the wheels of the 
railroad-cars when they stop, applies his test. You 
will learn, as you proceed, that a great deal of " test- 
ing " has to be done in one way and another. We 
may discover that sugar is sweet, vinegar sour, and 
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water insipid, by merely tasting them ; but this is not 
the surest or best way to learn their qualities. It is not 
always safe to put things into the mouth : for exam- 
ple, a substance called sugar of lead is sweet, and looks 
much like common sugar, but this sugar of lead is very 
poisonous. 

In the following exercise the pupil will use the 
test-solutions and test-papers to " try " things. 



EXERCISE XIV. 
Acids, Bases, and Nevtral Compounds. 

The solutions and test-papers already obtained will 
help you to classify substances. If, for example, a num- 
ber of things always show the §ame quality when you 
apply a test, you will think of them afterward as alike, 
or as belonging to the same class. The compounds to 
be tested in this exercise are chiefly common ones, 
which can be easily obtained, and handled with perfect 
safety; but, when the strong acids and alkalies are 
used, follow the directions given below. 

Buy at a drug-store small bottles of dilute nitric 
and sulphuric acids, also a bottle of aqua ammonia. 
See to it that these have glass stoppers, and that the 
names of their contents are plainly printed or written 
on pieces of paper pasted on the outside. 

To pour from a bottle, hold it in the right hand, 
with the proper label next to the palm ; remove the 
stopper with two fingers of the left hand ; after pour- 
ing the liquid out, catch any adhering drop by touch- 
it with the stopper, and then replace the stopper. A 
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piece of old muBlin, wrapped around a bottle where 
it is grasped, will catch straggling drops and prevent 
their getting into the flesh, which they would stain, 
and perhaps bum. 

In using any of the strong acids — that is, nitric, 
sulphuric, or hydrochloric — ^have always, near by, pow- 
dered chalk or soda; these will destroy or neutralize 
the acids, as you will discover further on. If, by ac- 
cident, acid is spilled on your flesh or clothing, scat- 
ter this powder over it. It will not remove a stain 
already made, but it will stop its spreading and con- 
tinuing to bum. 

The alkalies — caustic soda, caustic potash, and am- 
monia — ^must also be used with care, for they, too, will 
bum or eat the flesh. Caustic potash and soda you 
have had already. They have household uses, and can 
be obtained at a country store or grocery. Strong 
vinegar may be used to counteract the effect of them. 

Experiment 1. — Pour a little vinegar into a glass, 
and to this add some of the purple cabbage solution. 
What change takes place ? Secondly, add to the con- 
tents of the glass a tiny piece of potash, and note the 
change. 

ExPEBiMENT 2. — Add a few drops of strong vine- 
gar to a little water in a cup ; to an equal quantity of 
water, in a second cup, add as many drops of ammonia 
as of acid to the first cup ; finally, to these two mixt- 
ures add, slowly, a few drops of the cochineal solution. 
Mark the effect in each case. 

ExPEBiMENT 3. — Dissolve a little piece of caustic 
soda in a cup, and dip into the solution a strip of the 
paper stained yellow by the turmeric. What change ? 

ExFEBiMENT 4. — Dip a strip of blue litmus-paper 
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into a Kttle weak vinegar. ' Secondly, wet the same 
paper in a little soda solution. What changes occur ? 

By means of the color-tests we can tell the acids 
from the alkalies ; we can also tell if a substance has 
neither acid nor alkaline qualities, but is nev;trdL — 
that is, having no decided qualities ; for the acids will 
aJAJoay% turn blue litmus to red, the alkalies will turn 
the reds back to l)lue, and the neutrals produce no 
change of color. Cochineal, turmeric, and purple cab- 
bage also have their colors changed by alkalies and 
acids. 

Acids are generally sour to the taste, and it is true 
that all sour things are acids ; but some acids are bit- 
ter, some are sweet, and some are tasteless. The chem- 
ist considers an acid a compound which wUi tarn a 
vegetahle hltce red, cmd combine with a base. 

The bases are opposite compounds which turn the 
reds back to blue and unite with the acids. Potash, 
soda, lime, and ammonia are bases ; three of them are 
called alkalies, as you have learned. 

Experiment 5. — Test common molasses by blue 
litmus-paper. To wliat class does it belong? 

Experiment 6. — Test saliva by litmus-paper. 

Experiment 7. — Test perspiration by litmus-paper. 

Experiment 8. — Test fresh blood by litmus-paper. 

Experiment 9. — Test the juice of an apple, orange, 
lemon, or other fruit. 

Experiment 10. — Test the strong acids — sulphuric, 
nitric, and hydrochloric. 

Experiment 11. — Pour a little pure water into a 
clean glass and try it by means of the tests ; afterward, 
drop carefully some acid into the water and try it 
again. 
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Experiment 12. — Test fresh new milk with lit- 
mus-paper ; also, test sonr milk. 

ExPEBiMENT 13. — Test lime-water. 

Experiment 14. — Test salt water. 

The list of things given in the above experiments 
may be greatly extended, and the testing of sach as 
suggest themselves to the mind of the pupil will be 
just as useful as following the order given ; but in all 
eases carefully note results. Which of the substances 
tested are found to be acids ? which alkalies 2 which 
neutrals} 



EXERCISE XV. 
SaUs. 

You will continue to use the potash, soda, and am- 
monia, vinegar and nitric acid. Also provide for usp 
small quantities of fats and oils — as many kinds as you 
can conveniently get. 

Experiment 1. — Pour a little aqua ammonia into 
a tumbler or wine-glass ; test it by litmus-paper. Is 
it acid or alkaline ? 

Into a second glass pour some strong vinegar ; test 
this, as before. Is it acid or alkali ? 

Now pour the vinegar slowly into the glass con- 
taining the ammonia. Stir with a glass rod or pipe- 
stem and mark the steaming which occurs. Finally, 
test this mixture with litmus-paper ; if red Ktmus-pa- 
per is turned blue, add, drop by drop, strong vinegar ; 
if, on the other hand, blue litmus becomes red, add in 
the same way aqua ammonia, until the paper is not 
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discolored in the least. What kind of a compound 
have you now ? 

ExPERiMEirr 2. — Dissolve a piece of caustic potash 
(used by housekeepers in soap-making) as large as the 
end of your thumb, in water in a thin kitchen cup ; 
test by litmus-paper. Is it acid or alkaline ? K it is 
alkaline or turns red paper blue, add nitric acid, very 
slowly^ until the potash seems to have gone, and you 
have in its place a neut/ral compound. How can you 
teU when thiapomt has ieen reached f 

Over a spirit-lamp boil away the water from this 
neutral compound. When a glass rod, dipped into 
the cup, shows on cooling a white crust adhering to 
it, take the cup from the flame and slowly dry what 
remains in the bottom. This solid, you will observe, 
looks like salt, and indeed it is a salty or saltpeter. 
Taste it. 

The neutral compounds, or those which do not 
change the test-papers, are many of them "«aZfe," 
but you must not make the natural mistake of sup- 
posing that they are like common salt, for they are 
not. The chemist calls compounds formed by the 
union of acids and bases, salts. The acids have quali- 
ties opposite to those of the alkalies or bases. 

Vinegar is not in the least like soda, but, when cer- 
tain quantities of these are brought together, the vine- 
gar destroys all the alkaline qualities of the soda, and 
the soda destroys the acid of the vinegar. In other 
words, they neutralize each other. The word neutral 
means indifferent, or not taking either side. 

Many of our most useful and common things are 
salts, as, for example, chalk, cream of tartar, limestone, 
copperas, borax, saltpeter, and soap. 
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Experiment 3. — Smear or stain a sheet of paper 
with butter, tallow, olive-oil, castor-oil, kerosene-oil, 
oil of lemons, oil of wintergreen, etc. Label each 
spot with its name, to keep it distinct in your mind, 
and expose the paper to the atmosphere or to the fire 
for a few honrs. Do all the grjease-spots remain i 

The most common fats come from animals, but a 
great number of oils and fats are obtained from plants^ 
The oils which leave a permanent stain on paper are 
Jlxed oils ; those which disappear, are volatile or es- 
sential oils. 

Experiment 4.— Pour two tablespoonfuls of sweet- 
oil into a bottle, add an equal quantity of water, and 
shake thoroughly. Can you make them unite ? Add 
a little powdered potash and shake again. What is 
the result? Test with litmus-paper. 

Experiment 5. — Pour four teaspoonfuls (half an 
ounce) of castor-oil into a thin earthen bowl, add to 
this a little hot water, and stir with a glass rod to 
make them mix. If you do not succeed in this, add 
a small lump of washing-soda, and boil the whole over 
a spirit-lamp or the fire. If now the oil has not disap- 
peared, add a little more soda and boil again. Finally, 
put in a table-spoonful of common salt and allow the 
liquid to cool. What have you made ? 

The soap-making, which often goes on in the kit- 
chen, is a chemical process. Soap is a salt — a com- 
pound of one of the alkalies with acids contained in 
fats and oils. Only the fixed oils can be used for this 
purpose. Hard soap is made with potash ; soft soap, 
with soda. 



62 FIRST BOOK OF CHEMISTRY. 

EXERCISE XVI. 
Oxygen. 

A TALLOW candle, small piece of charcoal, iron 
wire, an ounce of white crystals called chlorate of 
potash, and half an ounce of black oxide of mangar 
nese (powder), will be needed in addition to the pneu- 
matic trough, Florence flask, and glass tubes or clay 
pipes which you have on hand. 

The materials, chlorate of potash and black oxide 
of manganese, obtained at a drug-store, should- be 
pure. Test them, by taking some of the white crys- 
tals, grinding them to powder, and mixing with half 
as much again of the black powder. Put this mixture 
into an iron spoou and hold it over some red-hot coals 
in the kitchen stove, or over the spirit-lamp. If it 
heats quietly^ the materials are all right, and can be 
safely used for the following experiments; but if a 
slight explosion takes place, it shows that they are 
impure, and you must throw them a/way and obtain 
more elsewhere. 

Experiment 1. — Pulverize thoroughly half of the 
remaining chlorate of potash, and mix it with half of 
the black oxide of manganese, carefully heated amd 
d/ried beforehand. Put this mixture into a Florence 
flask or large test-tube (when it is possible to do so, use 
test-tube instead of flask, because either is liable to be 
broken by heat, and test-tubes cost less) ; fit a cork and 
bent tube to this, or use clay pipes, as explained on 
page 47 ; and, finally, when everything else is adjusted, 
place jars of water on the pneumatic sheH — one must 
be just over the hole. Light the spirit-lamp or ga*-jet, 
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and apply the heat carefully (see Fig. 24). It is best 
to heat the npper portion of the mixtore first. In the 
beginning, the heat will simply expel the air already in 
the flask ; this we do not want to re-collect, but very 
soon the end of the glass tnbe may be allowed to pass 
under the jar filled with water (see Experiment 3, 
" Decomposition "). Lessen the heat when gas passes 
over freely, and when one jar has lost its water, move 
it carefully to another part of the sheH, replacing it 




Fig. 24. 



by putting a second jar of water over the hole. Con- 
tinue this until no more gas forms, then remember to 
take the tube from the water hefore you extinguish 
the flame. Allow the jars to remain on the shelf for 
future use. 

If you have managed the experiment well, you 
have something in these jars which you did not have 
in the beginning. What is it ? what does it resemble % 

And when you recall what has happened during 
the experiment, you will remember that when the 
lamp was burning imder the test-tube, the water 



64 FIRST BOOK OF CHEMISTRY. 

gradually left the bottles over the hole, and you saw 
something which looked like air bubble up and take 
its place. See if it is air. In order to do this it will 
be necessary first to contrive some way to get the jar 
from the shelf without losing the gas. This you may 
do by slipping a piece of window-glass under a bottle 
before removing it ; then hold the glass firmly against 
the mouth, slip the bottle from the shelf and turn it 
right side up, stiU leaving the glass over its top until 
you are quit« ready to use the gas. The experiments 
which follow will show you the qualities of this, and 
perhaps you will conclude that its likeness to air is 
chiefly in its appearance. 

Experiment 2. — Stick an inch of tallow candle 

into a bent wire as seen in the figure. Light the 

candle, remove the glass cover from one of the jars 

used in Experiment 1, and plunge this 

flighted candle into the jar. "What hap- 
pens? Withdraw the wire, cover the 
jar, and relight the candle if it has gone 
out ; plunge it now into an empty jar or 
one which contains orJ/y common air. Is 
there any, difierence ? 
Experiment 3. — Again, light the 
candle used in Experiment 2, hold it 
above your mouth, and blow up quickly 
no 25 ^ P°* ^^ ^^ flame. In this way, you 
may leave the wick with a spark stiU 
glowing on it. If there is one, plunge the wire which 
holds the candle into the same jar which you used first 
in Experiment 2. Repeat this several times, or until 
nothing unusual occurs when you introduce the glow- 
ing wick. 
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Experiment 4. — Twist one end of a wire around 
an old iron thimble (see Fig. 26), and pass the other 
end through a piece of pasteboard. Put some flowers 
of sulphur into this thimble-cup ; set these on Are, and, 
when they are burning well, lower the 
cup and sulphur into a second bottle t 

of gas which you took from the pneu- ^ 

matic shelf. Observe what occurs. 

ExpEEiMENT 5. — Test a little of the 
gas by holding strips of red and blue 
litmus-paper in it.. Is the paper dis- 
colored? In each case, re-cover the 
jar as soon as the experiment is over, 
in order to prevent the escape of the 
remaining gas. 

Experiment 6. — Cut a slit in a 
small pine splinter and stick into this 
slit a little piece of fine iron wire; 
light the end of the splinter attached 
to the wire, and lower it into a fresh 
bottle of gas* (see Fig. 27). Before 
doing this, it is well to pour a little 
clean, dry sand into the jar — enough 
to well cover the bottom of the jar. 

Experiment 7. — Put a little piece 
of charcoal into the cup used in Ex- 
periment 4, heat the charcoal red hot, and afterward 
lower it into a jar of gas. 

Experiment 8. — Repeat Experiment 3, " Decom- 
position," and compare the gas with what you ob- 




Fia. 26. 



* If the supply of gas is exhausted, repeat Experiment 1. 
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tained above. Have you any reason to conclude that 
they are the same i 

You have discovered by this time that this gas 
resembles air, in some respects. It is transparent* 
and has no color, for you can see through it, as if it 
were glass. It also resembles air in not changing the 

color of litmus-paper. 
But toward things 
that bum, it behaves 
unlike air; indeed, 
it seems to make 
tliem bum. The 
name of this remark- 
able gas is oxygen. 
Dr. Priestley dis- 
covered it in the 
year 1774. Of course 
there had been this 
gas for ages before he 
discovered it, since 
human beings can 
not live a moment without it ; but up to this time no 
one had separated it from its compounds, and shown 
its peculiar properties. It is a part of the air, and when 
any animal is shut up in a limited space it can live only 
so long as there is a httle oxygen there to breathe. In 
pure oxygen the animal may live longer, but this is 
very exciting. It makes the heart and lungs work too 
rapidly. Physicians sometimes give oxygen gas as a 
remedy in cases where the breathing is impeded. If 
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* TVam means through. When objects allow light to pass freely 
through them, they are said to be transparent. 
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you pnt a mouse or other animal into a large jar filled 
with this gas, you will see that the effect is to stim- 
ulate it. An the vital processes go on much more 
rapidly at first, but, after living in this state of excite- 
ment for a short time, poor mousey falls suddenly 
dead. 

Oxygen is a chemical demerdj or simple substance. 
By this we mean something which can not be decom- 
posed or separated into anything else, nor can it be 
made by mixing or combining things. Chemists have 
found that everything is made up of these elements, 
of which there are about seventy. Some are rare; 
others very abundant. This one is in almost every- 
thing — ^air, earth, water, even our bodies. 

The bright, silver-like liquid which you obtained 
in a previous exercise (see "Decomposition") was the 
element menywry. When combined with oxygen it 
makes the powder called red oxide of mercury, and 
from this compound Dr. Priestley first obtained pure 
oxygen gas. 

For the sake of convenience, the chemist uses a 
kind of "short -hand" writing. The elements are 
usually named by the first letter or letters of their 
English or Latin name ; for example, O is the symbol 
for oxygen, and Fe that for iron {ferrum\ but Hg is 
the symbol for mercury.* 

Oxygen combines with other elements, as in the 
case referred to above, forming compounds called ox- 
ides. A familiar illustration of oxtdatiouy or the 
process by which oxides are formed, is that of iron 
when exposed to the action of air and moisture. It 

* Latin name for mercury, hydrargyrum. 
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msU^ we say, but iron-rust is only another name for 
oxide of iron. 



EXERCISE XVII. 

JPlanU under the Influence of Sunlight.— Ozone. 

Continue the study of oxygen by making some 
experiments with tender green foliage — pieces broken 
from almost any window-plant will answer. Also buy 
at a drug-store a small bottle of sulphuric ether (for 
further description of this, turn to Exercise XXX). 

Experiment 1. — Place a green sprig in a large, 
wide-mouthed bottle, or, better yet, a glass fruit-can. 
Fill this can with fresh spring-water, taking care not 
to leave air-bubbles in it. This can be done by pour- 
ing in the water very slowly, so as not to wet the 
edges; then, after moistening a piece of paper and 
laying it over the mouth of the bottle, invert it- 
water, leaves, and all — and 
place it inverted in a shallow 
dish of water (see Fig. 28). 
Expose this to strong sun- 
light for two hours. Can 
you then see any change in 
the appearance of the leaves ? 
ExPEEiMENT 2. — Repeat 

Fig. 28. ^ . ^ . ix • -^ 

Expenment 1, altenng it 
only by putting the bottle containing water and leaves 
in a dark place. What does this show ? 

The little bubbles seen upon the leaves (Experiment 
1), if they were collected, and then tested by means of 
a lighted match, would behave just as the gas did 
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which we collected in Experiment 1, Exercise XVI. 
It is oayygen gas, which the leaves under the influence 
of sunlight have somehow developed. Plants are con- 
stantly doing this in daylight. They help to supply 
us with oxygen, not by decomposing red oxide of 
mercury, but by decomposing a gas — a compound one 
(see " Carbonic- Acid Gas ") which you will learn some- 
thing of, by and by. 

Experiment 3. — Pour a little sulphuric ether into 
a wide-mouthed bottle (keep the ether away from fire, 
because its vapor is inflammable) ; heat a glass rod 
moderately, and hold it in the vapor (see Fig. 29). Do 
you observe a peculiar odor ? 

During a thunder-storm, and when an electrical 
machine is worked rapidly in the open air, a peculiar 
odor may often be noticed — ^it is 
something like the smell of burn- 
ing sulphur. This odor is due to 
ozone^ or oxygen which has become 
strangely changed in its properties 
— so changed that we hardly recog- 
nize it as the same gaB. Indeed, 
it is very unlike ordinary oxygen. 
Fig. 29. ^^^ ^^^y j^ j^ fimcll, but iu Other 

respects. It tarnishes silver and copper, rusts iron, 
bleaches bright colors, and destroys the odor of tainted 
meat. 

It is supposed that ozone is constantly produced in 
the atmosphere, but that the quantity varies at differ- 
ent times. This is shown by means of a test-paper * 

* Ozone test-paper may be made by dissolving a few grains of a 
substance caUed potassium iodide in a little starch paste, and smear- 
ing porous paper with this jelly-like solution. 
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which is turned blue by this modified oxygen, the in- 
tensity of the color varying on different days. 

Ozone may be obtained in various ways without 
the help of electricity, as, for example, by the slow 
action of the oxygen of the air upon ether (Experi- 
ment 3\ and also by the action of water upon phos-. 
phorus, another element. 



EXERCISE XVIII. 

Hydrogen^ 

Get some little pieces of zinc at a tin-shop — ^the 
smaller they are, the better. Provide two wide- 
mouthed bottles — one large enough to hold at least 
a pint, the other may be smaller — a cork to fit the 
latter, and a small glass tube. 

Draw the tube to a point at one end (see Exercise 
X), so that its opening will be about as large as a small 
knitting-needle. Fit the tube to the cork, the cork to 
the small bottle, and when this is done you have 
the apparatus for what is called the phUoso- 
phen^s candle (Fig. 30). 

Corks may be perforated by means of a 
cork-borer, if you happen to have one ; if not, 
a hot wire may be passed through, and the hole 
afterward made smooth by a round file. When 
^^' ^' a cork is unsound, a little yellow wax, melted 
and poured over the surface, or a little grease rubbed 
on with the finger, will make it air-tight, when not 
exposed to heat. 

Experiment 1. — Drop a dozen small pieces of zinc 
into the bottle described above ; pour on these, dilute 
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hydrochloric acid, enongh to well cover the zinc, and 
insert the cork and tube. Wait three or four miniUea^* 
then hold a lighted match to the narrowed end of the 
tube. What effect ? 

ExPEBiMENT 2. — Hold ovcr the "philosopher's 
candle" a perfectly clear, dry glass bottle that will 
hold about a pint, and observe what appears on the 
inside of this bottle. 

Experiment 3. — Hold a fine iron wire in the flame 
of this new candle ; also hold another similar piece of 
wire in the flame of a common 
^^1^ tallow candle. Which becomes 
|jl_^^^^ the hotter? 
MmT^9^ Experiment 4. — Hold a glass 

I ^//r^ tube, open at both ends, over the 

flame of the philosopher's candle, 
as seen in Fig. 31. Move this 
tube slowly up and down. Can 
you hear anything like musical 
sounds ? Also vary the experi- 
ment by using tubes of different 
lengths and sizes. 

The gas which you have seen 
burning, as it issued from the 
small tube, is hydrogen — another 
element. This is like oxygen in 
some of its properties, but very 
unlike it in others. It burned 
with a pale-blue flame ; oxygen does not hum. On 
the other hand, things such as iron, sulphur, charcoal, 

* This precaution should always be observed, for, if the gas is 
lighted too soon, there may be a slight explosion. 
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etc., burned in oxygen, bat you could not make them 
bum in hydrogen gas. The iron wire held in the 
"philosopher's candle" soon became very hot, for 
this pale-blue flame gives a great deal of heat. The 
dry glass held over the flame became dimmed by 
vapor. This vapor was water— a compound of oxygen 
and hydrogen. Whenever hydrogen burns in the air, 
it robs the air of its oxygen and combines with it, and 
the watery vapor may be seen after a while trickling 
down the sides of a glass held jover the flame. 

When two elements unite, the compound formed 
is usually named by joining the names of these ele- 
ments, and changing one termination to ide^ as fol- 
lows : 

Oxygen and hydrogen unite to make oxide of 
hydrogen (water) ; oxygen and mercury unite to make 
oxide of mercury ; oxygen and copper unite to make 
oxide of copper; oxygen and iron unite to make 
oxide of iron. 

You will readily see that the ygen of oxygen be- 
comes ide in the compound name. 

* The symbol for hydrogen is H. The short method 
by which the chenust expresses the composition of 
these compoimds is by writing the symbols of the 
elements together, thus : 

Water, or oxide of hydrogen, is H,0.* 
Oxide of mercury is HgO. 
Oxide of copper is CuO. 
Oxide of iron is FeO. 



* A numeral placed at the right of a symbol shows the number of 
volumes taken ; thus, H3O shows that in the composition of water two 
volumes or measures of hydrogen unite with one of oxygen. 
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A coflection of symbols used as above is a/br- 
mvia. 

Hydrogen may be obtained in large quantity and 
collected in bottles or jars by means of the apparatus 
used for oxygen. Zinc scraps and hydrochloric acid, 
or iron filings and dilute sulphuric acid, may be used. 
The gas, when it is liberated from the acid, rises and 
passes with the air that was in the flask out through 
the tube, and, when all the air has been driven out, 
hydrogen gas comes out alone. But whenever this 
gas mingles with air, an explosive mixture like gun- 
powder is formed. Experimenting with it implies 
some danger on this account, and accidents have 
often occurred. So, if you collect it in quantity, you 
must he sure to throw a/way at least one bottle of the 
ga^ before you save any for use. 

On the supposition that you ha/oe collected a bottle 
of hydrogen gas (which perhaps you had better not 
try to do if you are working by yourself and have no 
t^w^her to guide you), I will tell you how to prove 
that it is very light — even lighter than air. 

Keep the bottle of hydrogen, mouth down, just as 
it was collected in the pneumatic trough, until you are 
ready to use it ; then slip it carefully from the sheK 
into a saucer filled with water. Lift it up from the 
saucer with the left hand, turning it slightly toward 
a horizontal position, and with the right hand bring 
another bottle filled with air to its mouth, as you see 
in Fig. 32. Hold the bottles in this position for a 
few seconds, then bring the right-hand bottle, mouth 
downward, over a flame. The hydrogen gas quickly 
passed from the lower bottle to the upper one, be- 
cause it was so light. It took the place of the air, 
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as you will conclude from the fact that something in 
this upper bottle is burning with a pale -blue flame 
like that which you saw in the philosopher's candle. 

And if you turn the bottle 
which first held the hy- 
drogen right side up, and 
bring a lighted match to 
it, you will not find any- 
thing here that will bum. 
Hydrogen will vary in 
its manner of burning according to the position in 
which the jar is held. If the mouth is upward, the 
burning gas, rapidly rising, will burst into a larger 
flame, sometimes accompanied by a sharp report (see 
Fig. 33). But when held mouth downward, as seen 
in Fig. 34, the gas escapes slowly, and burns quietly, 




Fig. 82. 
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Fig. 84. 



because hydrogen is lighter than air, and tends to rise, 
not to fall. 

Hydrogen is the lightest substance known. It is 
eleven thousand times lighter than water. On ac-, 
count of this property, it has a very curious effect 
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upon sound. In Experiment 4 the musical sounds are 
produced by the partial putting out and relighting of 
the flame. These little explosions, occurring one after 
another at regular intervals, may give a musical note. 
Formerly hydrogen gas was used for filling balloons ; 
now coal-gas is used. It is said that at certain festi- 
vals in Paris, held years ago, balloons were made to 
represent animals ; these, when filled with hydrogen, 
instantly ascendied into the air, but, alas 1 feet up and 
bodies down. 



EXERCISE XIX. 
Waier. 

The materials for this day's work — a bit of lunar 
caustic, a handful of plaster of Paris, some strips of 
bright lead, and soap and water. 

Lunar caustic, or nitrate of silver (see " Salts "), has 
been used in Exercise III ; it is prepared by dissolv- 
ing pure silver in nitric acid ; from this solution the 
small white sticks are finally obtained which you buy 
at a drug-store. The doctors use it in surgery to eat 
oil diseased flesh, and it is the important ingredient of 
indelible ink. 

Plaster of Paris (sulphate of lime) you may have 
seen masons use. It is a white powder which was first 
used for making plaster in Paris. Mix a little of this 
powder into a paste by adding water, and you will 
discover that it quickly hardens or "^^fe." This 
property makes it a very useful substance in the arts 
— ^in the taking of casts, making of cornices, etc. 
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Strips of lead may be cut from old lead pipe, or 
they can be had at a tin-shop. 

You already know that water, the most abundant 
and most useful of substances, is a compound of two 
gases. In every flame, whether that of Burning wood, 
coal, gas, tallow, or hydrogen, one gas is uniting with 
another to form water. Perhaps you do not see this 
water, because it may pass into the air as fast as it is 
formed, and dissolved substances can not be seen, but 
it can be collected as it forms ; you have done this in 
the last exercise. The chemist can also prove by de- 
composition that water is a compound of two gases. 
He combines the gases and gets water ; he decomposes 
water and gets oxygen and hydrogen. 

Experiment 1. — Fill a tumbler two thirds full of 
clean spring-water, and a second one equally full of 
rain-water. (For all these experiments collect the rain- 
water in the open country, or as far as possible away 
from the dust and smoke of dwellings.) 

Make some strong soap solution by dissolving white 
soap in boiling water. Pour a tablespoonf ul of the solu- 
tion into each tumbler of water, and mark what happens. 

Experiment 2. — Pour a pint of «pri7i^- water into 
a clean white dish of some kind that will bear heat ; 
boil away the water, and notice the inside of the dish. 
Is it clean now? 

Boil away the same quantity of rain-water from a 
clean dish, and make similar observations. Is there 
any difference ? 

Water from natural sources is more or less impure. 
This can be explained by reference to Exercise IV, 
" Solution." It has great solvent power, and when it 
percolates through the soil it dissolves something of 
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whatever it comes in contact with. Distilled water is 
pure (see "Distillation"), and rain is distilled water, 
as you will understand, if you think where the rain 
comes from, and recall the changes through which it 
passes in its journey from the ocean to the clouds ; 
from these to the earth again. But even rain-water, 
when it reaches us, may have some slight impurity on 
accoxmt of this same solvent quality by which it has 
dissolved gases and other impurities from the air. 

Experiment 3. — Fill a quart bottle nearly full of 
rain-water. Into this put a quarter of a teaspoonf ul 
of plaster of Paris. Shake the water and the powder 
very thoroughly. Filter the mixture (see " Filtration "), 
and compare the filtered water with an equal quantity 
of rain-water in which no plaster of Paris was put. 
Do they look alike ? Wash your hands first in the 
filtered water, afterward in the rain-water, using soap 
in each case. Do they seem alike ? 

Experiment 4. — Fill a pint glass fruiixjan two 
thirds full of clear lime- 
water (see Experiment 2, 
"Solution"). Blow into 
this through a glass tube or 
pipenstem (Fig. 35) until 
the clear lime-water has be- 
come ^5^ milky and after- 
ward clearer* (see "Car- 
bonic Acid"). Filter this 
water, which is now lime- ^«- ^s. 

stone or chalk water, and divide it. Test one part 

* To render the milky water clear, it will be necessary to blow into 
it for some time— perhaps ten minutes. 
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by soap solution, and boil the other part for a few 
minutes in a glass vessel, and test this second part by 
soap solution. Is there any difference ? 

Experiment 5. — ^Make -some clear chalk-water as 
in Experiment 4, and add to it a little clear lime- 
water. What effect i Also add to clear chalk-water 
some common cooking soda. What effect ? 

The water of springs, rivers, and lakes is liable to 
be hard; rain-water is soft Water is said to be hard 
when soap does not readily form soapy foam or lather 
with it, and soft when the reverse is the case. 

Experiment 6. — ^Fill two clean tumblers with pure 
rain-water. Into one of these put a piece of common 
salt as large as a pm-head. Stir well to dissolve the 
salt, and afterward taste the water which has salt in 
it. Can you detect the salt by taste ? 

Now dissolve apiece of lunar caustic in cold' water ; 
add to each tumbler three or four drops of this solu- 
tion. What is the effect ? 

Experiment 7. — Fill two tumblers — one with rain- 
water, or, better stiU, with distilled water, the other 
with spring-water— and into each put bright strips of 
lead. Leave these in the water for twenty-four hours, 
and observe if there is any difference in the appear- 
ance of the water in the two tumblers ; also examine 
the lead strips. 

Experiment 8. — Place an egg in a wide-mouthed 
glass jar and fill this half full of fresh water (Fig. 
36). Does the egg stay where it was put ? 

Pour some strong brine through a long glass tube 
down to the bottom of the jar. What happens ? and 
what does the phenomenon show ? 

The experiments in this exercise are all "tests" of 
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the qualities of water. The differences which you dis- 
cover, though they may seem slight, are really impor- 
tant. When water has become foul through the decay 
of plants or animals, 
we say it has organic 
moMer in it; when 
it is Tmrd^ it contains 
dissolved limestone 
or chalk, and boU 
water or sea-^ater 
contains in solution, 
not only common 
salt, but small quan- 
tities of many simi- 
lar compounds, such 
as chloride of po- 
tassium, chloride of 
lime, chloride of 




magnesium, 



and 



Fig. 36. 



chalk, gypsum, etc. The more salt there is in water, 
the greater its density or specific gravity. 

All saline substances were once a part of the rocks. 
"Kain-water falling on the ground and trickling 
through the soil and over the rocks always finds 
something which it can dissolve, and which it takes 
away with it. Thus the sea is constantly having 
soluble matter carried into it from the land, and it is 
becoming, though very slowly, more impure. 

" Of course, the kind of substance which the rain- 
water takes up in solution on its road to the sea will 
depend upon the kind of rock or soil through which it 
passes, and also, you will say truly, upon the sort of 
dirt which people living near throw in. Some springs 
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are even more salt than the sea itself, because the wa- 
ter which supplies them flows over a layer or bed of 
solid salt inside the earth." (Professor Eoscoe.) 



EXERCISE XX. 
Nitrogen* 

Experiment 1. — Select a flat cork, smaller than 
the mouth of a fruit-jar, and hollow it out with a 
knife. Fasten a small piece of sponge to the cavity 
by passing a fine iron wire through both cork and 
sponge. Pour into a shallow dish enough water to 
float the cork and sponge upon ; now saturate the 

sponge with alcohol, 
light the alcohol, and 
instantly cover it with 
a bell-jar (see Fig. 37), 
or, better still, with a 
fruit-jar. If the water 
from the ehallow dish 
rushes into the jar, add 
more to take its place. 
When the alcohol has 
burned, slip a piece of 
window-glass under the 
mouth of the jar, being careful not to let the water out. 
Hold the glass firmly against it, and turn the can right 
side up, still leaving the glass over its mouth. Why 
has the water gone into the jar ? 

Was there anything in the jar which you inverted 
over the burning alcohol? You answer, "No," or, 




Fig. 87. 
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after thinking a moment, you say, more correctly, 
" Yes, air." Of course there was air there, and air is 
a subatcmce — a substance free to go anywhere, and 
occupying all the places where there is not some- 
thing else already. 

Air is a mixture * chiefly of oxygen and another 
gas called nitrogen. In five gallons of air there is 
about one gallon of oxygen to four of nitrogen. Air 
has been collected and examined in many different 
places and from different heights, but it makes 
scarcely any difference whether it comes from mount- 
ain or valley, from the equator or the Arctic zone, the 
proportion of oxygen to nitrogen is nearly the same. 

Consider, now, what change took place in the jar. 
" Alcohol burned," you say. Yes, the alcohol burned 
in the glass, because there was air or oxygen there, 
but in burning it robbed the air of its oxygen, and 
left the nitrogen free. When the water rushed into 
the jar from the plate, it filled only the space which 
the oxygen had occupied there before. In the upper 
part of the jar, after the experiment, you have, there- 
fore, nitrogen gas. You could obtain this element by 
burning phosphorus (see page 102) under a glass in the 
same way, but the use of this substance implies more 
danger, and it is always safest to let it alone, except 
under the guidance of a teacher. 

ExPEiOMENT 2. — Light a candle or splinter, slip off 
the glass cover from the jar containing nitrogen, and 
lower the lighted candle into it. What happens? 
Quickly re cover the jar, to prevent the escape of the 

* Besides the oxygen and nitrogen, there are always in the atmos- 
phere small quantities of water, of carbonic-acid gas, and anmionia. 
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gas, and afterward lower the lighted taper again. 
Also lower a lighted taper into an empty jar. Is the 
same eflFect produced ? 

ExpEBiMENT 3. — Kepeat Experiment 1, of this 
exercise, and place by the side of the jar of nitro- 
gen a second jar filled with oxygen (Exercise XVI). 
Lower the lighted taper first into the oxygen gas, and 
afterward into the nitrogen. What difference in the 
two cases ? 

Nitrogen, like oxygen and hydrogen, is an dennent. 
It resembles them in being a gas, in having no color, 
no odor, and no taste. Its symbol is N. If yon should 
put a living animal into pure nitrogen gas, it woidd 
die, not because the gas is poisonous, but because, if 
it is pure, there can be no oxygen with it, and living 
things must ha/oe oxygen gas to hreathe. 

Alone and uncombined, nitrogen is rather uninter- 
esting, and perhaps you wonder of what use it is, since 
it keeps nothing alive — not even a fire. It has, how- 
ever, this use: it dilutes the oxygen. If air were 
mostly oxygen, we should soon die, and fires would 
bum altogether too fast, even for cold weather. 

Though animals can not live in pure nitrogen, it 
is found in their flesh, and it enters largely into the 
composition of all those substances that rapidly decay. 
It is also found in ammonia and in many of the most 
powerful vegetable poisons, such as stryclmine, mor- 
phine, and quinine. Gunpowder, gun-cotton, dyna- 
mite, and nitro-glycerin — all highly explosive com- 
pounds — contain nitrogen. 
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EXERCISE XXL 

Sal ammoniac, slaked lime, test-papers, blue vit- 
riol, dilate hydrochloric acid, and aqua ammonise, have 
been used in previous experiments ; small quantities 
of these will be needed for this exercise. You prob- 
ably have them on hand ; if not, you know now 
where to get them. 

Experiment 1. — Fill a small Florence flask half 
full of aqua ammonias (dilute), heat the flask over a 
spirit-lamp, and over the neck of the flask hold a 
wide-mouthed bottle. When the aqua ammonisB has 
boiled for a few moments, slip a piece of red litmus- 
paper under and below the mouth of the bottle. 
When this turns blue, place the palm of your hand 
over the mouth, hold it there finnly, and bring the 
bottle quickly into a bowl of purple-cabbage solution 
or cochineal solution. What effect ? 

The red litmus-paper turned blue when the bottle 
overflowed with a gas called ammonia. This is a 
compound of nitrogen and hydrogen, and the only 
common one formed by the union of these elements. 
The chemist writes an abbreviation for the word, thus : 
NH3. The number 3, at the right of the letter H, 
shows that there are three parts of hydrogen to one 
of nitrogem. 

ExpERWiENT 2. — Put a fragment of sal ammoniac 
into a test-tube, heat it over a spirit-lamp, and observe 
what change takes place. 

Experiment 3. — Kepeat Experiment 2, " Chemical 
AflSnity." Test the escaping gas by red litmus-paper. 
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Experiment 4. — Rinse a bottle with dilute hydro- 
chloric acid, then invert it over a bottle holding aqua 
ammoniflB. What do you see ? 

Originally this compound was called sjpirit of harts- 
horn — ^perhaps you know it by this name. It may be 
obtained from horns, hoofs, hair, or bones. Experiment 
3 illustrates one method of obtaining it at the present 
time. Sal ammoniac is a compound of ammonia gas 
and hydrochloric acid (see Experiment 4), and when 
this solid is mixed with lime, decomposition occurs, 
and the gas set free may be collected in jars or 
bottles. Fig. 38 shows the apparatus for this. The 
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ordinary pneumatic trough filled with water can not 
be used, because ammonia is very soluble in water. 
A mercury trough takes its place. You learned from 
Experiment 1 that ammonia is lighter than air. The 
gas expelled from the boiling aqua ammoniae filled the 
inverted bottle by displacing the air or rising to take 
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its place. This method of collecting gases is known 
as that of displacement. It is because of the light- 
ness of this gas that it diffases so rapidly in the air. 
Sometimes it is called the volatile alkalL Ammonia 
is given o£E whenever animal and vegetable substances 
decay. 

ExPEBiMENT 6. — Collect, as in Experiment 1, a 
bottle of ammonia. Light a taper and pass it up into 
the hotUe. Does it continue to bum, or does the gas 
put it out ? 

Experiment 6. — Dissolve a bit of blue vitriol (sul- 
phate of copper) in a vial or test-tube. Add aqua am- 
monite drop by drop. What effect ? 

Experiment 7. — Try tlie effect of aqua ammonias 
on grease-stains, also on stains made by any vegetable 
acids. 

The solution of ammonia in water is \hQ aqua 
armnonicB (ammonia-water) in common use. In the 
strongest solution the water has absorbed more than 
seven hundred times its bulk of the gas. This solu- 
tion will blister the skin when it touches it. The di- 
lute aqua ammoniae is strong enough for ordinary pur- 
poses, and even this should be used with some care 
(see acids, bases, etc.). 

Aqua ammonisB is useful in many ways. The doc- 
tors make liniment by mixing it with olive-oil, and in 
the household it is a valuable substance for cleaning 
clothing, paint, brushes, and indeed all such articles 
as are not too delicate in color. It acts in cleaning 
by uniting with oil or grease to form soap (Exercise 
XV). 
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EXERCISE XXII. 
NUHe Acid. 

But a small bottle of nitric acid at any drugstore, 
unless you have already done so, and have it on hand. 
It is almost colorless when perfectly pure, but yours 
will very likely have a slight yellow tint on account 
of some impurity. The old chemists called it aqi^a 
fortis^ which is the Latin term for " strong water." 
It has a stifling odor, and it is corrosive to tiie flesh ; 
in using it, follow strictly the directions given (page 
57). Also buy two sheets of gold-leaf. You will find 
it at a picture-frame maker's. This is gold beaten by 
heavy hammers, for many hours, until it is thinner 
than the finest muslin. It is estimated that it would 
take 280,000 of these leaves to make an inch in thick- 
ness. 

A bit of copperas, a piece of bright sheet-copper, 
a fresh shaving, and some scraps of white silk, cot- 
ton, muslin, white woolen yam, and beeswax, are also 
wanted for this exercise. 

Experiment 1. — Test nitric acid by litmus-paper 
and purple-cabbage solution. 

Experiment 2. — Fill a wine-glass nearly full of 
clean water; drop into it five drops of nitric acid. 
Taste the water without stirring it. Is it sour? Now 
put a strip of blue litmus-paper into the water, and, 
if the color changes, observe where it changes first. 
What do you discover from this ? 

Experiment 3. — Put a clean shaving into nitric 
acid ; also try the effect of the dilute acid on white 
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silk, feathers, muslin, paper, and white woolen yam. 
Carefally note the effect in each case. 

Experiment 4. — Pour a L'ttle nitric acid, previ- 
ously diluted with an equal bulk of water, on a 
fragment of iron, lead, or copper, placed in a porce- 
lain or glass dish. If the metal dissolves, allow the 
solution to stand for a while, or boil it a little, in order 
to obtain crystals. 

The compounds obtained as above, by the union 
of nitric acid with metals, or, as in Experiment 2, 
*^ Salts," with bases, are called nitrates. Thus, we 
may have nitrate of iron, nitrate of lead, nitrate of 
copper, or nitrate of potassium (iron nitrate, lead ni- 
trate, copper nitrate, potassium nitrate). 

Experiment 5. — Cover a sheet of bright copper 
with a very thin coating of beeswax. Write your 
name with a sharp needle through the wax, and pour 
over this waxed surface a little nitric acid diluted as 
in Experiment 4. Wait a few minutes, imd then wash 
off the acid ; finally, remove the wax, and observe what 
you have on the copper. 

Experiment 6. — Put a piece of gold-leaf into a 
test-tube and pour on it enough nitric acid to cover it. 
Does the acid dissolve the leaf ? 

Experiment 7. — Dissolve a bit of copperas in 
water ; add nitric acid slowly to the solution, or until 
a dark-brown color appears.* This is a test for nitric 
acid. 

When you have performed the experiments given 
above, you will not be likely to mistake this acid for 

* If a little strong sulphuric acid is added to the nitric acid, the 
effect is more marked. 
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ammonia or for air, though in their composition they 
are somewhat alike. Ammonia is, you know, a com- 
pound of nitrogen and hydrogen. In air, the ele- 
ments oxygen and nitrogen are mixed together, but 
in nitric acid all three of these gaseous elements, oxy- 
gen, hydrogen, and nitrogen, have combined to form, 
not a gafi, but a heavy, sour, corrosive liquid. 

The symbol or abbreviation for nitric acid is 
HNO.. 

This acid is used in medicine to eat off diseased 
flesh, for writing or etching on copper and steel, to 
produce yellow figures on woolen fabrics, and in mak- 
ing the poisonous and explosive compound called ni- 
tro-glycerin. 

The pupil must bear in mind the properties of 
nitric acid,* to distinguish this from sulphuric and hy- 
drochloric acids, studied later. 



EXERCISE XXIII. 
Ckirbon. 

Experiment 1. — Gradually cover a burning splint- 
er of wood with a wide-mouthed bottle or test-tube. 
Incline the bottle to one side, as in Fig. 39, to 
avoid putting out the flame suddenly. The glass will 
cut off the free supply of air. The charred end of 
the stick is charcoal. 

Experiment 2. — Put a little corn-meal or wheat- 
flour on a tin plate, heat it over a spirit-lamp, tak- 
ing care not to let the flour bum. Observe the 
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changes of color, and finally tliat yon have only black 
charcoal left. 

ExpEBiKENT 3. — Gradually prese down a cold plate 
or piece of porcelain on a 
burning candle-wick. What 
collects on the under side of 
the plate 2 

EXPEBIMENT 4. — Put 

some white sugar into a com- 
mon kitchen cup, and place 
the cup on a plate. Pour 
enough boiling water on the 
sugar to make a sirup of it, p^^ ^ 

and finally pour into this 

simp, carefully, a little sulphuric acid (see Exercise 
XXX). 

ExPEEiMENT 5.— Make an experiment similar to 
tlie above, using blood or a piece of raw meat instead 
of the sugar-sirup. 

In each of the experiments given, you have made 
chareoaly and charcoal is impure carbon. This is one 
of the most abundant of the elements. Half the vege- 
table kingdom is carbon, which shows why we get it 
from wood, seeds, flour, and sugar ; it is also found in 
the flesh of animals, in blood, in bones, and in such 
rocks as limestone and marble. Coal, charcoal, smoke, 
soot, and bone-black, are all different forms of it which 
you have seen. 

If you take some pieces of dry, hard wood, and 
put them together by standing them on end, round 
and round, so as to leave a hole in the middle as you 
see in the picture, then cover the stack by putting a 
layer of straw first, and afterward one of dirt or turf 
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around it, leaving some small openings imderneath 
to admit air, also one at the top for lighting the 
wood and for the escape of gases, you will have what 
is called a cha/rcodlrpit 

Kindle a fire at the top, where you left it uncov- 
ered, and, when it gets 
to burning weU^ cover 
this opening with straw 
or dirt. Observe now 
what is likely to take 
place. The fire will 
get no air from the top, 
but a little will pass 
up through the small 
openings at the bottom, 
and, if the fire had a 
good start in the be- 
ginning, covering it did 
not put it entirely out, 
so that it will continue 
to smoke and smolder, 
or half bum. Leave 
the pile in just this state 
for several days, or even 
weeks, if it is a large 
one, then close the open- 
ings which admitted air 
at the bottom. Open 
the pit when you think 
the fire has entirely 
gone out, and you will find, not wood, or even ashes, 
but charcoal. 

This is the usual way of getting it, but, unless you 
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happen to Kve in the country, it may be inconvenient 
to make a charcoal-pit ; if not, ask at a tin-ehop for 
some pieces of it, freshly humed. Also buy some 
powdered charcoal and some bone-black. The latter, 
sometimes called animal cha/rcoaly is made by heat- 
ing bones in closed vessels. 

Experiment 6. — ^Weigh a piece oi freshly made 
charcoal, and, after leaving this piece exposed to the 
air for a week, weigh it again and compare the two 
weights. Is there any difference ? 

Experiment 7. — Wet a paper with aqua ammonise, 
put this paper into a perfectly clean, sweet bottle, and 
leave it there until the bottle smells strongly of am- 
monia. Take out the paper and put some powdered 
charcoal into the bottle. Shake it thoroughly, and 
smell. What has become of the ammonia ? 

Experiment 8. — ^Put four or five teaspoonf uls of 
charcoal-powder into a bottle ; pour foul, stagnant w^a- 
ter on it. Shake well, cork the bottle, and leave it for 
two hours undisturbed. What do you discover? 

Experiment 9. — Make a paper filter and put it 
into a glass funnel or fruit-can (see "Filtration"). 
Into this paper, scatter several teaspoonfuls of pow- 
dered charcoal. Pour water colored by ink or indigo 
into the filter, and observe, when the liquid passes 
through, how it looks. Has it lost any color ? 

Experiment 10. — Prepare a filter as in Experi- 
ment 9, but use instead of charcoal-powder the bone- 
black. Pass through this filter, common dark vinegar, 
or cochineal solution. Is the effect like that produced 
by the charcoal filter ? 

Charcoal is useful in many ways. Its porous struct- 
ure makes it an excellent absorbent of gases. It has 
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also the power of removing coloring-matters and even 
disagreeable flavors from liquids. Bone-black (animal 
charcoal) is nmch used in sugar-refining ; by means of 
it, dark-brown sugar is converted into the finer white 
varieties. 

The forms of carbon called charcoal are all more 
or less impure, but in graphite^ usually called black- 
lead, and in the brilliant, expensive gem known as the 
diamond^ we have pure carbon. 

Graphite is the soft substance which you use daily 
in lead pencils ; strictly, they are graphite pencils, or 
carbon pencils — not lead pencils. You have also seen 
this used as stove-blacking. It is obtained from mines 
in England and Siberia, and in this 
country from California and New 
York. Fig. 41 shows the form of a 
graphite crystal. 

The diamond is carbon crystallized 
(see Figs. 42, 43, and 44). It is the 
hardest substance known, and the 
most costly. Diamonds are found in 
Southern Africa, Brazil, and India. All the other 
forms of carbon are black ; it is only in these carbon 
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crystals that other colors are seen. Diamonds are 
green, blue, yellow, jet-black, or more frequently white. 
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On account of its great hardness, this gem is nsed for 
cutting glass. The wooden implement, resembling a 
pencil, which a glazier uses, has a small diamond 
'^ set " in its end. Black diamonds are coarser than 
white ones ; this variety is called ca/rboruido^ and it is 
used to tip the drills used in rock-boring. 

The transparency, hardness, and refractive * power 
for light of the diamond give it great value as a gem. 
It is cut by its own powder ; nothing else will even 
scratch it. 

A few of the elements occur in different distinct 
forms or modifications. For example, charcoal is car- 
bon, graphite is carbon, and diamond is carbon. These 
are called aUotropic forms. Oxygen, another example 
of this, occurs in two forms — ordinary oxygen and 
ozone. 

The symbol for carbon is 0. 

Carbon combines with oxygen, forming oxides, 
and it unites with hydrogen, giving us a very inter- 
esting class of compounds called hydrocarbons. These 
are very numerous, and a large part of chemistry 
treats only of them. 



EXERCISE XXIV. 

Carbonic Acid. / 

Experiment 1. — Pour two teaspoonfuls of hydro- 
chloric acid into a pint glass jar. Add to this slowly 
common cooking-soda; observe that when you add 

* The power of turning the rays of light from their direct course. 
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this there is foaming or effervescence. Continue to 
add soda until the effervescence ceases, then imme- 
diately cover the mouth of the jar with a saucer or 
piece of glass. 

Experiment 2. — Make an experiment similar to 
No. 1, but use, instead of cooking-soda, chalk or lit- 
tle pieces of marble. 

Experiment 3. — Remove the cover from one of 
the jars (Experiments 1 or 2) and lower a burning 
taper or splinter into it. What is the effect ? Also 
hold some pieces of blue litmus-paper down in the 
jar. Are they discolored ? 

The gas which you discover in the jars, after the 
two first experiments, is not unlike air in color, but 
quite unlike it in its effects. It is carhonic-acid gas — 
a compound of carbon and oxygen, or an oxide of 
carbon. There are two oxides of carbon : one, called 
carbonic oxide, bums with a blue flame, and you often 
see it playing over the surface of a coal-fire — ^if it 
escapes into the atmosphere and is breathed, it may 
cause headache and dizziness, for it is very poison- 
ous; the other contains twice as much oxygen, and 
is called carbonic dioxide.* This is the acid gas you 
are now dealing with. 

Its symbol is CO,. 

Perhaps you wonder how this compound comes 
from what was put into the jars. Think about the 
experiments. Cooking-soda is carbonate of soda, and 
chalk or marble is carbonate of lime. These names 
indicate that the former is a compound of carbonic 
acid and soda; the latter one of carbonic acid and 

* Di means two. 
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lime. If we can take away the soda or the lime from 
either of these salts, we shall have the carboDic acid 
left free. This is done by using hydrochloric acid, 
which has a stronger liking or aflSnity for soda and 
lime than the acid gas has. The effervescence shows 
that decomposition is taking place, and the carbonic- 
acid gas escapes at the same time that the hydro- 
chloric acid forms a new compound with the soda 
or lime. The carbonic acid in rising pushes out the 
air and gradually fills the jar. 

In this case, as in that of oxygen gas, we have not 
made the gas, we have merely separated or set it free 
from substances with which it was united. But if you 
should bum charcoal or carbon in any of its forms, in 
the air or in oxygen gas, as in Experiment 7, Exercise 
XYI, then you would make carbonic-acid gas, for in 
this case carbon unites directly with oxygen. 

Carbonic-acid gas may be obtained in larger quan- 
tity by passing it through a bent tube, as you did oxy- 
gen gas, and collecting it over the water-trough (see 
Fig. 45). 

The experiments which follow will show some of 
the properties of this gas. 

Experiment 4. — Light a piece of candle and place 
it in the bottom of a glass tumbler. Remove the cover 
from the remaining jar filled with carbonic acid gas, 
and hold it as if you were pouring something on to 
the candle flame in the tumbler (see Fig. 46). How 
do you explain what occurs ? 

Experiment 5. — Repeat Experiment 1, and keep 
the jar well covered until you have made a little dip- 
per by twisting a piece of wire around a small wide- 
mouthed bottle, so as to make a handle for it. or 



96 



FIRST BOOK OF CHEMISTRY. 



fasten a string to a small glass. Now hold the bottle 
or glass by this handle and dip it, mouth upwa/rdy 
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into the jar (see Fig. 47). Take it out, and pnt a 
piece of blue litmus-paper into the bottle or try a 
lighted match in it. Did you dip up anything except 
common air ? 

Experiment 6. — Make some soap-suds, and with 
a clay pipe blow some soap-bub- 
bles into a large wnpty jar or one 
containing only air. Also, after 
repeating Experiment 1, blow 
soap-bubbles into the carbonic- 
acid gas. What is the difference ? 
Experiment 7. — Fill a tum- 
bler half full of water, add to this 
a little litmus solution, enough 
to give it a slight bluish tinge, 
and then blow through a glass tube into the colored 
water. How can you explain what takes place ? 
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Experiment 8. — ^Blow through a glass tube into 
an empty bottle for a few minutes. Lower a lighted 
splinter into the bottle, and 
notice if there is any change in 
the brightness of the flame. 

Ordinary air which we in- 
hale does not extinguish flame, 
nor will it turn blue litmus 
red; but the air we exhale 
produces these effects. In 
other words, the experiments 
we tried show that the air we 
breathe otit has carbonic acid 
with it. Kepeat, or call to 
mind. Experiment 4, " Water," 
and explain why the lime-water 
became milky when you blew 
into it through a pipe-stem.* 

Experiment 9. — Put a 
piece of limestone as large as 
an egg into a fire. Heat the 
stone gradually for half an hour, and, on taking it 
from the. fire, pour over it a little hydrochloric acid. 
Does it effervesce as in Experiment 2 ? 

Experiment 10. — Heat as before a piece of lime- 
stone, and, instead of acid, pour water over the stone 
(Experiment 5, " Chemical Affinity "). 

Limestone which has lost its carbonic acid is 
called quicklime. When water has been poured on 
to this in suflScient quantity it becomes slaked lime. 
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* Chalk, limestone, and marble are compounds of carbonic acid 
and lime. 
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The word slaked means quenched. People slake their 
thirst; in like manner quicklime combines with a 
great deal of water, and when it has a certain amount 
it is satisfied — no more will combine with it. Slaked 
lime which seems dry is one fourth water. 

ExpEBiMENT 11. — ^Mix half a teacupf ul of molasses 
with a little water; add to this a tablespoonful of 
liquid yeast. Fill a test-tube with this mixture, and 
invert it in the cup containing the rest of the mixt- 
ure. Allow this to remain in some place where the 
temperature is from 68° to 70° F., until fermentation 
takes place. If bubbles of gas collect in the tube, 
close its mouth by the thumb, and, after removing 
it from the cup, pour in a little lime-water and shake 
thoroughly. ' What has this experiment shown ? 

Experiment 12. — Put a little basket of moist, rot- 
ten leaves into a fruit-can. Cover the can, and leave 
it over-night in a warm place. In the morning re- 
move the basket of leaves; pour a little lime-water 
into the can, and shake thoroughly. Have you reason 
to think there was any carbonic acid in the can ? 

Carbonic-acid gas is given off by fermenting and 
decaying substances. It is this gas in bottled beer, 
cider, and champagne, which causes the foaming 
when the corks are removed. Soda-water is really 
carbonic-acid water. It contains no soda, but a great 
deal of gas which gives it the delightful sparkling 
quality. 

In kitchen chemistry it is carbonic-acid gas which 
renders our bread light and porous. Yeast gives it 
off, and it is gradually disseminated through the dough. 
Soda and cream of tartar and all the baking-powders 
produce the same effect. 
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You will naturally infer that it is a wholesome gas. 
When taken, into the stomach it is not harmful, but 
when taken into the system hy way of the Itmgs — that 
is, breathed — it may cause death. Persons have often 
suffered from the burning of charcoal in closed rooms, 
and death has been the result. 

But this is not due to any directly poisonous quali- 
ty of the gas, such as distinguishes the carbonic oxide, 
but rather to the fact that it takes the place of the life- 
sustaining oxygen. 

There are caves where this gas collects in large 
quantities. One in Italy is called the Grotto dd 
Cane.* On the floor of this there is a layer of car- 
bonic-acid gas said to extend higher than a dog's 
head. A man entering the cave is not affected by it, 
but dogs when placed on the floor become insensible. 

Carbonic-acid gas is liable to accumulate in deep 
wells and cisterns, and in the unused tunnels of coal- 
mines. The miners call it " chdke-damp,^^ It is dan- 
gerous to enter these places without first applying^ 
some test which will show the condition of the air. 
What simple experiment would show if there were 
much carbonic-acid gas in wells, cisterns, or coal- 
mines? 

Fortunately, the quantity of this gas in the air 
varies but little. 

It is due to the exchange which constantly goes 
on between plants and animals that this variation is 
so slight. What one gives, the other takes. Experi- 
ments 7 and 8 show that animals exhale (breathe out) 
carbonic-acid gas, and going back to Exercise XVII, 

* Grotto of the Dog. 
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Experiment 1, we recall the fact that plants, under 
the influence of sunlight, yield oxygen gas. Carbonic- 
acid gas is plant-food ; it is taken up by the pores and 
decomposed into the elements, carbon and oxygen. 
The plant uses the carbon ; it is the chief ingredient 
of woody fiber, but the life-sustaining oxygen is given 
back to the air to be used by living creatures, and 
again exhaled, after it has united with carbon, as car- 
bonic-acid gas. In this manner the wonderful adjust- 
ment is kept, and air from the extreme parts of the 
earth has the same proportion of carbonic-acid gas to 
the oxygen and nitrogen. 

But this is only true when the air is free to be 
moved by every gust of wind — " when that which is 
breathed out at the north in the winter may thus go 
to the south to be breathed in by.leaves there, and the 
sunny southern climes send oxygen for the lungs of 
those who dwell in the north." When air is shut 
up the proportion may vary. If many persons are 
crowded into a small, tight room, the nitrogen of the 
air here will not change, but the oxygen will become 
less, and the increased quantity of carbonic-acid gas is 
plainly shown by dimly-burning lights, and by dull- 
ness and drowsiness. 

As nitric acid combined with bases forms nUrateSy 
in a similar way carbonic acid forms carbmiates. 
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EXERCISE XXV. 
CombusHon* 

You are already acquainted to Bome extent with 
carbon, oxygen, and hydrogen; in this exercise you 
continue the study of these, not as single or separated 
elements, but as they are related to the form of chem- 
ical action known as combustion or burning. 

Wood in all its varieties is composed of carbon, 
oxygen, and hydrogen — that is, of a solid and two 
gases. In the process of charcoal-making, described 
on page 90, the slow, smothered fire, by decomposing 
the wood, drove off the oxygen and hydrogen and left 
the carbon as unconsumed charcoal. Do not make the 
mistake of supposing that the chemist can combine 
oxygen, hydrogen, and carbon so as to get wood; 
only the growing plant can do this. The carbonic- 
acid gas (see page 100) obtained from the atmosphere, 
and the water imbibed by the roots of plants and 
carried in sap to the growing tissue, are the plant- 
food. With the help of the sunbeam these com- 
pounds are decomposed into oxygen, hydrogen, and 
carbon, and the plant recombines the carbon, hydro- 
gen, and a part of the oxygen into wood, bark, leaves, 
flowers, and fruit. 

Not only are the separate parts of any single plant 
developed from these three elements, but all the infi- 
nite varieties of vegetable life, from the most delicate 
moss to the gigantic tree. 

Coal, of which there are several kinds used as 
* fuel, is chiefly carbon. The soft coal, or cannel coal, 
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oontains hydrogen in addition to the carbon. The 
fats, oils, sugar, starch, alcohol, turpentine, and aU 
the common things which give lis heat and light, are 
made of carbon, oaygen, and hydrogen in different 
proportions. 

Matches are little pieces of soft wood, the ends of 
which have been dipped, first, into sulphur, and then 
into a paste made of phosphorus, gum-arabic, and 
water, and afterward dried. 

Phosphorus is an element never found by itself in 
nature, but obtained from bone-ashes. It is soft like 
wnx, and, when pure, transparent and almost colorless. 
It looks as harmless as a piece of cheese, but in reality 
it is dangerous to touch or handle, because, when 
warmed, if only slightly, in the air, phosphorus is 
liable to take fire, and bums from it heal with great 
diflSculty. It takes fire at 150® in the air. Hence, 
chemists keep it under water and even cut it under 
water. Its symbol is P. 

Experiment 1. — Light a match. How do you do 
it ? What effect is always produced when two things 
are rubbed together ? 

Experiment 2. — Kindle a wood -fire in a fire-place 
or grate. Note how you do it : is it by striking pieces 
of wood together? 

Experiment 3. — Make a coal-fii'e. How is this 
done, and what difference do you discover between 
the burning of the wood and the coal ? What phe- 
nomena are the same whether you bum matches, 
wood, or coal ? 

Experiment 4. — Cover a bed of glowing coals 
with ashes, leave it undisturbed for eight or nine 
hours, then uncover it. Has the fire entirely gone 
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out ? Can you rekindle it by blowing upon it ? Could 
you rekindle a fire by blowing carbonic-acid gaa on 
the coals ? 

Experiment 5. — Put a burning candle down into 
a narrow-necked bottle. How long does it continue 
to bum weU? 

Experiment 6. — Remove the candle from the bot- 
tle (Experiment 5), and pour a little clear lime-water 
into it, cork, and gently shake the bottle (see " Car- 
bonic Acid "). 

Also, pour an equal quantity of lime-water into a 
bottle in which no candle has been burned, cork as 
before, and, after shaking, compare the water in the 
two bottles. If there is any milky appearance in 
either case, add a few drops of vinegai*. What ap- 
pearance now ? 

Experiment 7. — Light a candle and hold over it a 
perfectly dry cold glass tumbler (see 
Fig. 48). Does the glass remain 
clear? 

The kindling of a fire, or the 
beginning of active combustion, is 
ignition. 

When this chemical action or 
burning has begun, if oxygen is 
freely supplied, all compounds con- 
taining carbon and hydrogen will ^ 
continue to unite with it, heat and 
light will result, and carbonic-acid gas and water will 
be formed (Experiments 6 and 7). Limit the supply 
of air or oxygen, and the fire goes out (Experiments 4 
and 5). 

Oxygen being necessary to all ordinary burning, it 
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is called a mpporter of comlmstion, and such things as 
bum in it are combustibles. 

There are other supporters of combustion, as you 
will learn farther on (page 117). 

Many combustible bodies contain oxygen in addi- 
tion to carbon and hydrogen. Such as contain little 
or no oxygen bum with a dull, smoky flame, those 
having a larger proportion of it bum more brightly, 
and those very rich in oxygen give little light, but 
much heat. 

Experiment 8. — Put a little sugar into a saucer 
or something that will bear the heat of a spirit-lamp. 
Heat it slowly at first, gradually raising the temper8^• 
ture until the sugar is burned. Is there much or little 
oxygen in sugar? Try the same experiment with 
starch. 

Experiment 9. — Bum two or three sticks of dry 
maple- wood — also bum an equal number of pine 
sticks. Note the difference in the flames, also in the 
coals left. 

Experiment 10. — Repeat Experiment 8, using 
rosin instead of sugar. Do you think that this con- 
tains any oxygen ? 

Experiment 11.— Pour a tablespoonful of alcohol 
into a saucer, and set fire to it. 

Experiment 12. — Dip a piece of blotting-paper 
into turpentine and set fire to the paper ; but be care- 
ful in all these cases not to ignite your clothing. Do 
you think that turpentine contains more oxygen than 
alcohol does? 

It must be quite plain now that combustion is a 
chemical process; but when the wood, coal, candle, 
etc., have disappeared, where have they gone to ? We 
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say, " they have burned up." This, however, does not 
tell the whole story. Something is left. What ? " Car- 
bonio-acid gas, water, and most likely smoke or soot" 
It is no more true that the elements have been lost, 
than that the lump of sugar dissolved in the cup of 
tea is lost. The form has changed but nothing has 
gone. 

When wood is exposed to air and moisture it is 
liable to decay. This decay is only the gradual union 
of the wood with oxygen. It is slom combvsUon. The 
rotten log of forest timber has undergone the same 
change as the one which was first split into fire-wood 
and afterward burned on the hearth ; the only differ- 
ence being that one burned in a few hours, the other 
in a few years. 

Sometimes oxygen combines slowly with sub- 
stances at first, but gradually the heat increases and 
slow combustion becomes more and more rapid, until 
finally they take fire and are quickly consumed. 
When cotton used for wiping machinery has become 
soaked with oil, and is thrown aside in heaps, it is 
liable, after a time, to suddenly burst into flames. 
This ignition from slow combustion is called sponta- 
neous comJmstion. 



EXERCISE XXVI. 
Flatne. 



Experiment 1. — Light a candle having a large 
wick ; protect the flame from all draughts which may 
come from opening and shutting doors and windows, 
and quick movements, of all kinds. When the candle 
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is burning well, and with a large and regvlar-shaped 
flame^ hold before it a piece of pasteboard cut into 
the shape of the flame. If this pasteboard screen is 
too large, keep trimming it down nntil it just hides 
from the eje the luminous part of the flame when it 
is held close to it. Now look for a non-luminous sec- 
tion outside of the light one. Can you see it? 

Experiment 2. — Hold a match for a moment hori- 
zontally across a candle-flame, just above the wick. 
Observe that the match is burned at the sides, not in 
the middle. What does this show ? 

Also thrust the head of a match into the middle 
of the flame, and then withdraw it. Can you do this 
without igniting it ? 

Experiment 3. — ^Press a piece of glazed note-paper 
quickly down into the candle-flame, until it almost 
touches the wick. Avoid draughts, even 
such as might come from talking. Remove 
the paper before it takes flre. Where is 
the paper scorched? How do you account 
for its appearance ? 

A candle-flame consists of three parts 

I'lil (®^® -^^8' '^^) — ^^^ J^®* above the wick is 
dark and gives no light ; this is surrounded 
by a light-giving, cone-shaped section, and 
outside of this there is a cloudy appear- 
ance, not as distinctly visible as the others, 
FiQ. 49. but just as mnch a part of the flame. You 
should carefully observe the candle-flame 
until you can detect these parts. They pass into each 
other gradually, not by clearly marked lines. Experi- 
ments which follow will show the nature of these sec- 
tions. 
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Experiment 4. — ^Make observations similar to those 
suggested in Experiment 1 on a conmion gas-flame. 
Do the parts of this correspond to those of the candle- 
flame? 

The gas used to light cities and large towns is 
made at gas-works from coal. This is intensely heated 
in large retorts or ovens. Heat decomposes it, and im- 
pure gas is liberated, together with water and tar. 
The gas is afterward purified, and then collected in 
an immense reservoir, called a gasometer ; from here 
it is carried through 
pipes to streets and 
dwellings, and we see 
it in the common gas- 
flame (see Fig. 50.) 

Lamps and candles 
are small gas-factories 
which make gas and 
also bum it. The ma- 
terials for it are in 
the tallow and the oil. 
Watch a burning can- 
dle and you will, per- 
haps, get an idea of 
how the work goes on 
here. The heat of the 
burning wick grad- 
ually melts the tallow, 

and this melted tallow is carried up the loosely twisted 
fibers of the wick by what is called capillary attra^- 
Hon. This kind of attraction was discovered by put- 
ting the ends of small tubes into water, when the 
liquid was seen to gradually go up them, and the 




Fig. 50. 
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smaller the tubes, the higher did the water climb. 
CapiUus is the Latia word for hair; hence, small, 
hair-like tubes are called capiUary tubes, and the 
attraction is capillary attra^ction. When the melted 
tallow reaches the iiame, it is decomposed into sub- 
stances much the same as come from the ga&-works — 
that is, hydrogen gas and carbon. " * 

Experiment 5. — Light tlie spiriMamp. Hold a 
small wire across the upper part of the flame for a 
minute or two. Where does it become red-hot first? 
Observe this flame as you did the candle-flame. How 
many parts has it ? 

Experiment 6. — Thrust the head of a match first 
into the interior of an alcohol-flame, and. afterward 
hold it for an instant in the outer section. Is thia 
flame hotter next to the wick, a little way above it, 
or on the outside ? 

Experiment 7. — Lower a piece of fine wire gauze * 
on to a flame. Examine the flame by looking at it 
from above through the gauze. Can 
you see the inner section? (See 
Fig. 51.) 

Experiment 8. — Hold a small 

glajss tube, five or six inches long, 

and having a diameter of from one 

pj^ g^ third to one half an inch, obliquely 

in a candle-flame so that its lower 

end will reach to the dark section just above the wick 

(Fig. 52). After waiting a minute or two, present a 

lisrhted match to the other end. Be careful to avoid 

* Get wire gauze of a hardware dealer ; if he does not happen to 
have it, perhaps he will obtain it for you. 
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draughts and to bold the tube steady. K yon make 
no discovery at first, try again. 

Experiment 9. — Hold a very cold, bright knife- 
blade in a candle-flame for a minute or two. Then 
withdraw it and examine it for 
traces of soot. In which part of 
the flame did the knife become 
smoky? 

Experiments 5 and 6 have 
shown you that the flame sections 
are not all uniformly heated — 
the flame is hottest near its mar- 
gins. 

The dark section which is 
seen by looking down through the 
wire gauze upon the flame consists of unhwnied gas 
(Experiment T, see Fig. 51). 

In the light-giving cone imperfect combustion is 
going on; the hydrogen bums briskly, and heats 
the carbon to a white heat. Glowing particles, thus 
heated and beginning to bum, give brightness to the 
flame. They may be obtained as soot (Experiment 9), 
or pass to the outer section, where they meet plenty 
of oxygen, and combining with it form carbonic-acid 
gas. In this less clearly defined zone, combtcstion or 
burning is complete. 

Experiment 10. — ^Wind a piece of fine copper 
wire eight or ten times around a 
ttt lead-pencil (Fig. 53). Remove 

Fio. 53. ^he coil thus formed, and gently 

lower it, as if it were an extin- 
guisher, over a burning candle-wick. What happens I 
Can you explain ? 
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ExPEKDiENT 11. — Press the piece of wire gauze, 
Tised in Experiment 7, on a candle-flame (Fig.. 54), or, 
better still, on a burning gas-jet. Does the flame pass 
through the wire meshes ? Why ? 

Experiment 12. — If the flame has not passed 

through the gauze, see if 
you can light the gas on 
the upper side. If you 
can light it, gradually 
raise the screen from the 
flame. Does the lighted 
gas move with it ? 

EXPERTMENT 13. 

Place a piece of cam- 
phor-gum on the sheet of 
Fio 64. ^^ gauze, and lower it 

as before over the flame. 
Set fire to the gum and observe what takes place on 
the under side of the gauze. 

Since a certain definite degree of heat is necessary 
for the burning of a combustible substance, it follows 
that if the temperature be lowered below that point 
the flame will go out. A familiar illustration of this 
is seen in the "blowing out" of a candle-flame. The 
same principle is shown by Experiments 10 and 11. 
The wire and the gauze cool the flame below the point 
required for active combustion. In the case of the 
gauze the flame looks crushed by it, not extinguished, 
and the gas passes freely through to the other side, 
where it can be ignited, as you have already discovered. 
In the process of mining for coal, which is often 
done deep in the earth, explosive gases are met with. 
Formerly these were liable to be set on fire or ex- 
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ploded by the lamp or candle carried by 
the miners, and thus horrible accidents 
occnrred. An Englishman, Sir Humphry 
Davy, made use of the fact that wire gauze, 
by conducting away the heat, lowers the 
temperature of the flame, and thus prevents 
the gas from burning on its upper side. 
He constructed a lamp, known as the 
*•' Davy Safety Lamp," iJie peculiarity of 
which is a gauze cover which may be 
screwed on to the lighted lamp. The 
flame shut up in this wire cage does not 
pass outward to kindle the gas of the coal- 
mines. This gas requires a high temper- 
ature for its ignition. Fig. 55 is a picture of this 
lamp, which has been the means of saving thousands 
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Fig. 56. 



of valuable lives, for an explosion can not occur if the 
lamp is properly used. 
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The brightness of any flame depends upon the 
presence of solid matter in it, heated to the glowing 
point, though not consumed. But when there is 
suiBScient oxygen to bum all the elements, the solid 
carbon as well as the gases, then the flame is intensely 
hot, but not luminous. This is done in the Bunsen 
burner, mentioned in Exercise III. It consists of a 
tube, at the base of which several small holes admit 
a plentiful supply of air. A second tube opens into 
it from the bottom and admits the coal-gas (see Fig. 
56). The two gases thus become thoroughly mingled 
before reaching the top, where the gas is lighted. 
This flame emits but little light, but if the air-holes 
are closed it becomes the ordinary luminous flame. 



EXERCISE XXVII. 
Iodine* 

In the exercise on " Sublimation " you used some 
bright metallic scraps or scales which on account of 
their luster and color might easily have been mistaken 
for black-lead. It was the element iodine^ one of a class 
of substances having somewhat similar properties, and 
three of which, iodine, chlorine, and bromine, are ob- 
tained from sea- water, or the productions of the sea. 
Their symbols are I, CI, and Br, and you can easily 
associate the names of these elements together in your 
mind by remembering that they all end in ine. 

Bromine is a dark-red liquid, with an intensely 
suffocating odor. It is like mercury in being liquid 
at ordinary temperatures. 
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The ashes of burnt sea-weed (kelp) are the source of 
iodine. It is an interesting substance, and what was 
left from the previous exercise wiU be enough to show 
its peculiar properties. Be careful in using it to 
avoid inhaling much of its vapor. 

Experiment 1. — Smell iodine, and observe the 
color and shape of the scales. What is its odor like ? 

Experiment 2. — Put a little iodine into water. 
Will it dissolve i * Also see if it will dissolve in alco- 
hol. If it dissolves in alcohol, what shall we call the 
solution ? 

Experiment 3. — Wrap a few scales in a piece of 
white muslin. After half an hour unwrap them, and 
observe the effect upon the muslin. 

Experiment 4. — Put some iodine into a pint 
glass jar, and place this in a sand-bath (see page 42) 
over the spirit-lamp. light the lamp, and, when the 
jar becomes full of violet-colored fumes, cover its 
mouth with a piece of window-glass and remove the 
lamp. 

Slip the glass from the jar and lower a lighted 
taper into it. What eflEect ? 

Experiment 5. — Dissolve a little starch, by moist- 
ening it first in cold water and afterward pouring 
boiling water on it; test this starch-paste, both hot 
and cold, by adding to each part a drop of tincture of 
iodine.\ 

Experiment 6. — Pour some of the blue solution 
obtained in Experiment 5 into a Florence flask ; cork 
the flask and heat it over a spirit-lamp. When it is 

* Save dissolved iodine for future use. 

f Iodine is the test for starch, and starch is the test for iodine. 
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jiist on the point of boiling, pour cold water on the 
flask. 

Experiment 7. — Slice a potato and an apple, and 
on their freshly cut surfaces drop a little tincture of 
iodine ; also try the effect of the tincture on a piece 
of wheat-bread. What does this experiment show? 

Iodine unites with other elements, f ormiijg iodides. 
Iodide of silver is used in photography, iodide of po- 
tassium and iodide of mercury in medicine. 



EXERCISE XXVIII. 
Chlorine* 

Chloride of lime is especially useful in the house- 
hold. It comes in half-pound or pound packages, and 
these can easily be obtained at a country store or of 
druggists. Provide a package of this, and have it in 
readiness, in addition to sulphuric and hydrochloric 
acids, some brightly colored cotton scraps, red flowers, 
litmus-paper, etc. 

Experiment 1. — Pour into a wide-mouthed pint 
bottle (a fruit-jar will do very well) two tablespoon- 
fuls of sulphuric acid ; add to this, by degrees, two 
and a quarter tablespoonfuls of bleaching-powder 
(chloride of lime). After putting in the powder, 
always cover the jars with pieces of window-glass to 
prevent the escape of gas. Finally, observe the color 
of the gas formed, by comparing the bottle in which 
you put the acid and lime with an empty one of the 
same size and shape. Set aside the covered jar for 
use. 
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The greenish-yellow colored gas obtained as above 
is chlorine. It is a heavy gas, two and a half times 
heavier than air, with a suffocating bad smell, and it 
may make you congh. When a little is mixed with 
a good deal of air it does no harm to breathe it, bnt 
inhaled, nndilated, it might canse death. Hence, in 
collecting it, and in experimenting with it, keep the 
vessels covered except when it becomes necessary to 
nncover them, and always have a window open in 
the room. In case of any accident, by which a large 
quantity of chlorine gas escapes and is breathed, the 
best antidote is to go immediately into the open air 
and walk briskly. 

Bleaching-powder is a compound of chlorine and 
lime. Sulphuric acid has a strong affinity for Hme, 
so strong that it robs the bleaching-powder of it, and 
thus sets free the chlorine gas. 

ExPEEiMENT 2. — Hang a piece of brightly colored 
calico in one of the jars containing chlorine ; re-cover 
the jar and leave it for one hour ; then examine the 
calico for change of color. 

Afterward moisten a similar strip and treat it as 
before. Is the effect the same ? 

Experiment 3. — ^Moisten a bright rose or gera- 
nium flower, and suspend it in a jar of chlorine. 

ExPEMMENT 4. — Try the effect of chlorine upon a 
piece of paper written over with ink; also try the 
effect of it upon printed paper. 

Experiment 6. — ^What effect has it on litmus- 
paper ? 

Fifty or sixty years ago aU Hnen and cotton ma- 
terials were bleached by long exposure to sunlight 
and moisture ; now this is done much more quickly 
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by means of chloride of lime. It is really the chlo- 
rine which bleaches. Water is poured on the pow- 
der and the mixture is allowed to settle ; afterward 
the clear liquid is poured oflE, and the articles ' to be 
bleached are soaked in the solution. They are usually 
first moistened by vinegar or other weak acid. 

Enough chlorine gas for most simple experiments 
may be obtained by the method already given, but 
for some purposes this will not do. The ordinary 
method is to decompose common salt or hydrochloric 
acid ; both these contain chlorine. Fig. 57 shows the 
apparatus used. 

Experiment 6. — Mix half an ounce each of com- 
mon salt and black oxide of manganese ; put this mixt- 
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Fig. 57. 

ure into a flask provided with such a tube as you 
see in the picture. Add to this one ounce of sul- 
phuric acid, previously diluted by half as much water. 
Apply heat gently, and observe that soon a greenish- 
yellow gas begins to collect in the receiver, where it 
will gradually displace the air, because it is much 
heavier than air. 
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ExpEBiMENT 7. — Light a candle, and plunge it 
into a jar of chlorine gas. Is it unlike oxjgen in its 
effect upon flame? 

ExPEBiMENT 8. — Moisten a piece of paper with 
wa/rm turpentine, and suspend it in another vessel 
of chlorine gas (Fig. 58). What effect ? 

Chlorine gas was discovered the same year that 
oxygen was. You have seen that they are both sup- 
porters of combustion, which simply means that they 
have strong chemical affinities, and readily unite witib 
some elements. But chlorine can not be 
safely breathed, and, although it is useful I 
for bleaching and disinfecting purposes, ' 
human beings might comfortably live 
without the gas, when uncombined, but 
this would hardly be true of one com- 
pound which it forms with the element 
sodium.* 

As oxygen united with other ele- 
ments forms oxides (page 67), so chlorine ^^ ^ 
imited with certain elements forms com- 
pounds called chlorides. One of these is chloride 
of sodium or common salt. This useful and neces- 
sary substance is found as a natural deposit in the 
earth. The most noted salt-mines are in England, 
Poland, and Germany. Salt is also obtained from 
the water of lakes and springs in the United States. 
Brine from these sources is pumped by machinery 
and carried to large boilers, from which the water is 
driven off by heat. Sometimes the water is expelled 

* Sodium is a soft, white metal, an element which must be kept 
under naphtha. 
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by the slower process of evaporating it from shallow 
pans exposed to the sun. Salt is also obtained from 
sea-water. 

Chlorine has a very strong aflSnity for hydrogen. 
Indeed, its power to bleach and to destroy bad odors 
is due to its tendency to seize this gas wherever it 
finds it. Ton discovered by experimenting with 
chlorine gas that the moistened things were the ones 
which lost their color, and this was dne to the fact 
that moisture or water contains hydrogen. Ordinary 
combustible substances also contain hydrogen. 

It is very remarkable, if indeed one thing is more 
wonderful than another in the domain of science, 
that chlorine and hydrogen, though having this strong 
liking for each other, may be kept in a dark place, 
when they are mixed together, for any length of time 
without uniting ; but bring the mixture to the sun- 
light, and a union quickly occurs. A new gas is 
formed, entirely unlike the others — this is hydrq- 
chZorio-acid gas. Its symbol is HCl. Hydrochloric 
acid, also called muriatic acid, is a solution of the gas 
in water. You have used it, and know something of 
its properties. It is a powerful acid, and an important 
one in the arts and to the chemist. 

Experiment 9. — Repeat Experiment 6^ "Nitric 
Acid '' ; also put a second piece of gold-leaf into 
another test-tube and cover it with hydrochloric acid. 
Does the gold-leaf dissolve in either acid ? 

Experiment 10. — Mix the contents of the two 
tubes together and warm slightly. What effect ? 

A mixture of hydrochloric acid and nitric acid is 
called aqua regia^ or royal water. 
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EXERCISE XXIX. 
Hulphur. 

The familiar substance called sulphur is an ele- 
ment. It is found chiefly in volcanic neighborhoods. 
Etna, on the island of Sicily, and Southern Italy aflEord 
us much of our supply. But the native sulphur from 
these regions is apt to be mixed witli dirt and other 
impurities. We generally see the sulphur only after 
it has been freed from these, and melted into sticks 
about as large round as a broom-handle, called roU- 
sulphur (brimstone), or in the fine powder known as 
flowers of sulphury obtained by sublimation. In the 
last form you have made its acquaintance in Exercise 
I. Obtain also a piece of roll-sulphur for experiments. 
This element is found in animal substances, such as 
hair and eggs, and in certain plants which have 
sharp, pungent flavors — mustard, horse-radish, and 
garlic. 

Sulphur is used in large quantities for bleaching 
silk and woolen fabrics, in the manufacture of gun- 
powder, sulphuric acid, and matches, and in the house- 
hold it is a common domestic medicine. 

The symbol for sulphur is S. 

ExPEEiMENT 1 . — Taste and smell a bit of roll-sul- 
phur, also some of the flowers. What do you say of 
their flavor? 

Experiment 2. — Dissolve some flowers of sulphur 
in hot or cold water. Do things which do not dis- 
solve have taste or smell ? 

Experiment 3. — Dissolve some flowers of sulphur 
6 
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in oil of turpentine ; * shake the mixture occasionally 
until the powder has dissolved, then pour the solution 
into a shallow dish, and allow evaporation to go on 
slowly. If crystals form, look at them carefully. 
Which form are they like ? (Fig. 59.) 

ExPEMMBNT 4. — Hold a piece of roll-sulphur in 
your hand near your ear for a few moments, and 
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listen for a peculiar crackling sound ; also hold it over 
the flame of a spirit-lamp. How do you explain the 
phenomenon ? 

Experiment 6. — Heat an ounce of sulphur flowers, 
or bits of roll-sulphur, in a kitchen cup or crucible. If 
the cup is used, and it is a thick one, regulate the 
heat by the sand-bath. How is sulphur affected by 
heat? 

Experiment 6. — Pour about a third of the melted 
sulphur obtained. Experiment 5, into cold water, and 
return the cup to the spirit-lamp or other heating- 
place. Take, the sulphur from the cold water, dry it, 
and drop the lump into the cup containing the liquid 
sulphur. Observe if it behaves in the same way that 
ice does when it is dropped into water. 



* A compound called carbon disulphide is the best solvent for sul- 
phur. 
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Experiment 7. — Melt in a cup or crucible, as be- 
fore, some sulphur, and allow it to cool until a crust 
forms on its surface. Pierce this crust with a glass 
rod or small stick, and pour the remaining liquid out. 
Afterward break the 
cup to see the crystal 
cavity within (Fig. 60). 

Experiment 8. — 
Melt a table - spoonful 
of sulphur in a test- 
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tube. Prolong the heating until it becomes thick and 
dark like molasses. In this state, pour it into cold 
water, and try to mold it into some form (Fig. 61). 

Note. — The success of Experiment 8 will depend upon its being 
sufficiently heated, and, since sulphur at a high temperature takes fire 
if exposed to the air, care should be taken in this experiment to cover 
it Sulphur melts at 232° F., becomes like molasses at between 430** 
and 480° F., and again liquid at 792° F. 

Sulphur is another allotropic element. It crystal- 
lizes in two distinct forms, and hence it is said to be 
dimorphous (Experiments 3 and 7) ; it is also seen in 
a plastic state, when it resembles India-rubber (Experi- 
ment 8), and is said to be arnorpJwus. See " Crystalli- 
zation." 
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Experiment 9. — Heat a little sulphur in an iron 
spoon over a spirit-lamp. Observe the color of the 
flame and the odor. Also hold a piece of blue litmus- 
paper in the smoke. 

Experiment 10. — Boil a little sulphur in a dry 
test-tube ; then warm a piece of copper wire or foil in 
the lamp-flame, and by means of a pair of pincers 
drop it into the melted sulphur: Observe the color 
of the burning copper. 

Experiment 11. — Put a few flowers of sulphur 
into a wide-mouthed bottle, or into a little dish placed 
under a glass receiver. Set fire to the sulphur, and 
either hang a bright red rose, by a thread, in the bot- 
tle and cork it, or place bright flowers under the glass, 

over the burning sulphur, 
as seen in Fig. 62. What 
change takes place in the 
flower? Afterward wash 
the rose in water contain- 
ing a little sulphuric acid. 

Experiment 12. — Put 
a clean, bright silver spoon 
into a freshly-boiled egg. 
Leave the spoon in the egg 
for a short time. What 
effect ? 

The peculiar and un- 
pleasant odor observed in burning sulphur. Experi- 
ment 9, may lead you to draw a conclusion quite dif- 
ferent from what you did in Experiment 1 ; but 
bear in mind that, when things bum in air or in 
oxygen gas, new compounds are formed. It is not 
sulphur which you smell, but sulphur dioxide which 




Fig. ( 
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escapes as smoke ; see Experiment 2, " Chemical Com- 
pomids." If you light a match, you will get the same 
stifling, disagreeable odor, because the same com- 
pound is formed. The symbol for this compound 
is SO,. 

Sulphur dioxide is used in bleaching straw, feath- 
ers, silk, and wool, but it is unlike chlorine in its 
effects. The color of the flower (Experiment 11) 
was restored by the use of dilute sulphuric acid ; in 
the bleaching by chlorine the color is actually de- 
stroyed. 

This compound is a useful disinfectant. It de- 
stroys unhealthful germs which may cause disease. 

Sulphur not only combines with oxygen but with 
hydrogen, and with the elements called metals. When 
it combines with the latter, the compounds are sub- 
phides. Thus, in Experiment 4, " Chemical Com- 
pounds," sulphide of iron was formed, and the sil- 
ver spoon was discolored in Experiment 12 by the for- 
mation of a sulphide of silver. 



EXERCISE XXX. 
Sulphuric Acid. 

Sulphur combines with oxygen and hydrogen to 
form many different acids, but only one is of great 
importance. This is sulphuric acid, the king of 
acids, not only the strongest but the most useful one. 
It is used in making all the other strong acids, in 
bleaching, dyeing, and calico-printing, and in refining 
fats and oils. Indeed, the chemist and the manufact- 
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urer could not well get along without it. A million 
tons of it are said to be used every year. 

Sulphur dioxide, SO,, when passed into cold water 
is absorbed, and the solution is sulphurous acid, and 
sulphuric acid is made from this simply by the addi- 
tion of more oxygen. This needed oxygen is obtained 
from nitric acid, which, as you learned in Exercise 
XXII, contains it. 

The abbreviation for sulphuric acid is H, SO^. 

The strongest sulphuric acid is that made at Nord- 
hausen. Saxony, and it takes its name from this place. 
Originally, it was made from green vitriol, and hence 
was called ''oU of vitrioV^ This strongest acid is a 
thick, colorless, oily liquid, not very safe to use. It 
is carried from place to place in large glass bottles, 
called carboys^ which are packed in straw. But you 
will have no use for it ; the ordinary sulphuric acid is 
quite strong enough, and in using it, if you follow the 
directions previously given, you will have no trouble 
with it. The acid you use will most likely be brown 
in color ; this is due to some impurity derived from 
dust in the air. 

Ether ^ or sulphuric ether, as it is called, is a color- 
less liquid which looks like alcohol. It has a very 
pleasant odor, although, if you have made its acquaint- 
ance only ID the sick-room, where it is used as an 
ancBsthetic^* it may not seem fragrant to you. Buy a 
small bottle of this at a drug-store, and, when you are 
not using it, keep the hottU m a cool pldce and wel- 
corked^ because the vapor of ether is inflammable. Pour 
a little into your hand, and you wiU discover that it 

* Anaesthetic, a substance used to cause insensibility to pain. 
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evaporates quickly ; in other words, it is volatile^ and 
substances having this quality boil at low tempera- 
tures. 

It is sometimes used in cleaning woolen and silk 
garments. It dissolves fats, oils, and resinous sub- 
stances more quickly than alcohol does. 

ExpEEiMENT 1. — Test sulphuric acid by litmus. 
Does it seem like the other acids ? 

Experiment 2. — ^Dip a pine shaving into sulphuric 
acid; also "try" it upon straw, woolen and cotton 
goods, and upon paper, linen, and chamoisHskin. Note 
the effect in each case. 

ExPEBiMENT 3. — Fill a bottle half full of sulphuric 
acid, and mark on the glass, with ink or pencil, just 
the point touched by the liquid. Leave the bottle, 
vmjcorked^ where it will not be disturbed ; at the end 
of twenty-four hours observe if the acid still just 
touches the mark. Make a similar observation every 
day for two weeks. What do you discover ? 

Experiment 4. — Dip a quUl pen into dilute sul- 
phuric acid, and write a communication on a postal 
card with it. Is the writing legible ? 

Afterward hold the card to the fire to dry. What 
change is produced by the heat ? 

Experiment 5. — Try washing tarnished iron or 
copper vessels with water to which a little sulphuric 
acid has been added. What effect ? 

Experiment 6. — Pour a little cold water into a 
common cup ; add to this* gradually about a third as 
much acid, and, as you add it, stir the mixture with a 

* It is always safest to pour sulphuric acid into water, not water 
into sulphuric add. Why ? 
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small test-tube into which you have previously poured 
a little ether. What phenomenon do you notice, and 
how do you account for it ? 

Experiment 7. — Heat a bit of copper with a lit- 
tle sulphuric acid in a test-tube. Test the escaping 
fumes by holding a moistened red flower over them. 
What compound has been set free 'i 

Experiment 8.— Repeat Experiment 4, " Carbon," 
and give explanation. 

Sulphuric acid has a powerful aflSnity for water. 
It will take the invisible vapor from the atmosphere ; 
it finds it in the driest air, seizes it, and retains it. 
Indeed, it is so thirsty for it that it sometimes decom- 
poses a compound containing the elements of water 
(oxygen and hydrogen), catches these, and leaves the 
other elements free. This explains Experiments 4 
and 5, " Carbon." 

When sulphuric acid and water are mixed, heat is 
always given o£E. Experiment 6 illustrates this. 

All the metals, except gold and platinum, are 
attacked by this acid. Copper is readily dissolved by 
it, sulphur dioxide escapes, and the excess of oxygen 
unites with the copper. 



EXERCISE XXXI. 
Metals, 



Collect small pieces of iron, zinc, lead, and cop- 
per, and to these add some coins of gold, silver, etc.-, 
if you happen to have them. When you have made 
this collection, find out by the following very simple 
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experiments if the different specimens in it have any 
points of likeness. 

ExPEEiMENT 1. — Hold each of the articles men- 
tioned above, between yonr eye and a strong light. 
Can you see through any of them ? 

Put the coins into a glass jar and fill it with water. 
Can you see the coins through the water ? Now slip 
a piece of window-glass over the mouth of the jar, 
and observe whether you can still see the coins when 
looking down through both the glass and water. What 
difference, then, do you discover between the iron, 
copper, and coins, and the glass and water ? 

Experiment 2. — Take tarnished or dull-looking 
coins, and, after washing them in vinegar, brighten 
them by rubbing them with sand, soap, sapolio, or 
chalk. Can you improve glass by the same treat- 
ment ? ^ 

ExpisMMENT 3. — Heat pieces of iron, zinc, copper, 
etc., in the flame of a spirit-lamp. Do they heat and 
cool quickly, or the contrary ? 

When substances do not let light pass through 
them, they are said to be opaque^ while such as readily 
admit it are transpa/renL The bright, glistening ap- 
pearance seen on gold and silver, when freshly cut or 
polished, is due to their power to reflect light, and it 
is known as a metallic luster. 

Of the seventy elements, by far the largest num- 
ber are called metals ; the remaining ones are metal- 
loids (not metals). But this distinction is chiefly one 
of convenience, for the two classes pass gradually into 
each other. No clearly defined limit separates them. 
For example, arsenic and some other elements are 
sometimes called metals, and sometimes metalloids. 
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Most of the elements which you have studied — 
oxygen, hydrogen, nitrogen, carbon, sulphur, iodine, 
and chlorine — are non-metallic ; but iron, lead, zinc, 
copper, gold, silver, platinum, potassium, and mercury, 
as also many more, are classed as metals. These last 
are unlike the others in their general appearance, and 
in some of their chemical and physical properties. 
Metals have usually a bright, glistening surface ; they 
are solid,* and can be hammered into thin leaves, or 
drawn into wire. 

All metals are opaque, except occasionally when 
they are in extremely thin layers. 

The most important difference between the two 
classes is a chemical one, which you are not quite far 
enough advanced to understand. 

The property of the metals by which we can beat 
them into sheets is called nvalleoMlity. Gold is more 
malleable than other metals. A single grain of it 
may be flattened until it will cover almost fifty square 
inches. 

Ductility is the quality by which the metals are 
drawn into wire. Iron is very ductile. These two 
properties, malleability and ductility, render these ele- 
ments extremely useful. 

The metals are not generally found alone, but 
combined with oxygen, chlorine, sulphur, or some 
other metalloid. These native compounds or combina- 
tions are metallic ores. They are found in the earth 
in mines, and in the rocks that form hills and mount- 
ains. A very few metals are found native — that is, 

* Mercury is the only metal which is liquid at ordinary tempera- 
tures. 
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nnassociated with other elements. Gold and plati- 
num are examples of the latter class. 

The following table shows the order of malleabil- 
ity and ductility of the most common metals : 



LLEABILITY. 


DUCTILITY. 


Gold. 


Platinum 


Silver. 


Silver. 


Copper. 

Tin. 

Lead. 


Lx)n. 

Copper. 

Gold. 


Zinc. 


Zinc. 


Platinum. 


Tin. 


Iron. 


Lead. 


EXERCISE 


xxxn. 



Iran, 

Peovtoe some pieces of wrought-iron and cast- 
iron. You can probably get them at a blacksmith's 
shop. Study the peculiarities of these pieces, by 
observing their color, examining their hroken surfaces 
under the magnifying glass, listening to the sound 
made when they are dropped or struck by a hammer, 
and finally, bring the magnet used in Exercise I near 
them. 

Also, have at hand a common kitchen knife, knit- 
ting-needles, some nails, iron filings, and, in addition, 
get if you can some of the mineral " pyrites." It is 
yellow and bright, and looks like gold. Perhaps you 
can find out if it is valuable. 
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Experiment 1. — ^Bend a knife-blade and knitting- 
needle, also iron nails, if yon can. 

Experiment 2. — Hold a knitting-needle in a spirit- 
lamp flame until it becomes red hot; then quickly 
drop it into cold water, and afterward break it Has 
this heating and cooling had any effect ? 

Experiment 3. — ^Heat and cool another knitting- 
needle ; afterward reheat the needle and cool it slowly ; 
then bend to break as before ; also observe changes of 
color * during the second heating. 

Iron is the most abundant and useful of the metals. 
It was known a long time ago, as you will discoiver 
from reading early history. It is found uncombined 
only in very small quantities, and the processes by 
which it is obtained from its ores were not known to 
the early races. Pure iron has a bright white color 
and is tough though soft, but the iron which we usually 
see has a large proportion of car- 
bon in it. There are three kinds 
in common use — wrov^kt-iron, 
steely and east-iron. 

Wrought-iron is the purest 

variety ; its structure is fibrous : 

that is, composed of threads or 

Pj^j 08 fibers (see Fig. 63) of the metal. 

It can be hammered or worked, 

when it is red hot, into any shape. When two pieces 

of red-hot iron are hammered into one, they are said 

♦ It is customary to heat tools for cutting metal to a pale-yellow 
color, knives to a dark-yellow, chisels and hatchets to a slight purple- 
yellow, and springs till they are decidedly purple or blue. They are 
afterward slowly cooled. These different tints are due to a film of iron 
oxide which is formed on the metal when it is heated. 
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to be welded together. It is used for articles requir- 
ing strength, without elasticity or hardness. 

Sted is iron containing more carbon than wrought- 
iron. It is harder and tougher. By repeated heating 
and cooling almost any degree of elasticity may be 
given to it, and this quality adapts it to things re- 
quiring elasticity, hardness, and strength. 

Cast-iron contains still more carbon. It is brittle, 
and its broken surface presents a granular appearance 
(Fig. 64). It is called cast-iron 
because, when melted and poured 
into a mold, it readily takes the 
shape of the form, and thus a 
" casting " is obtained. This kind 
can not be welded, hammered 
into sheets, or drawn into wire.* fio. 64. 

Experiment 4. — Drop a little 
nitric acid on a piece of polished steel, and also on a 
piece of iron. What eilect ? 

Experiment 5. — Leave a piece of polished iron 
out in the dew for a night. What happens ? 

Experiment 6. — Moisten half a teaspoonful of 
iron filings with water, and drop them into a clean 
bottle so that they wiU adhere to its bottom. Invert 
this bottle in a bowl of water, and leave it for a few 
days in a warm place. What change takes place in 
the height of the water, and how can you account 
for it? 

♦ It will be found a useful exercise for the pupil to decide from 
the general statement given above, which kind of iron is best adapted 
for certain specific uses ; for example, what should be used for pots, 
kettles, stoves, stove-pipes, horseshoes, knife-blades, razor-blades, rail- 
road-bridges, watch-springs, etc., and why. 
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ExPEBiMBNT 7. — Hold a piece of iron in the flame 
of a spirit-lamp. Will it burn ? File the piece of 
iron, and allow some of the filings to fall into the 
flame. Will they bum ? 

When iron is burned in the air, oxide of iron is 
the product (Exercises XVI and XVIII). The same 
compound is formed when untarnished iron is exposed 
to dampness and rusts. If iron and oxygen united 
form an iron oxide, what do you think iron and sul- 
phur wiU form ? Bear in mind that a name ending in 
ide shows us that two things are jeombined. Iron 
sulphide is the iron pyrites, crystals of which look 
like gold. This resemblance has led many ignorant 
people to suppose that they have discovered the 
precious metal, and they are disappointed to learn 
that it is only " fool's gold." 

Experiment 8. — Heat a shovel red hot, and sprin- 
kle a very little iron pyrites on it. Observe the smell 
of burning sulphur. 

Experiment 9.— Place a piece of "fool's gold" 
on a flat stone and strike it with a hammer. Is it 
broken or merely flattened ? Bear in mind that gold 
is malleable, but can not be easily broken. 

Experiment 10.— Pour a little dilute sulphuric 
acid on a few iron filings in a glass vessel. When 
the effervescence or chemical action ceases, add some 
water and filter the liquid through filter-paper. 
Evaporate the filtered liquid, taking care to remove 
the dish from the heat as soon as it begins to "spit." 
Finally, observe the green crystals left on cooling in 
the dish. 

Sulphuric acid combined with iron forms a salt 
(Exercise XV), the chemical name of which is sulphate 
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of iron,. The common name for it is copperas or 
green vitrioL This is used in dyeing, in making ink, 
and as a disinfectant. 



EXERCISE XXXIII. 
Copper, Lead, Zinc^ and Tin. 

Continue the study of the metals, and for this 
purpose you will want some bright pieces of copper, 
lead, and zinc, and some copper wire ; also provide 
half an ounce of sugar of lead (lead acetate) and a lit- 
tle blue vitriol (copper sulphate) and lunar caustic 
(silver nitrate). The three compounds mentioned are 
poisons, which should be used with care. The last 
ones you probably have on hand. 

Examine the pieces of metal just as you did the 
iron. Make careful observations upon their color, 
structure, and hardness, and use the magnet to deter- 
mine their magnetic quality. What peculiarity always 
distinguishes the copper, and how may you know lead 
from zinc ? 

Experiment 1. — Try the eilect of the strong acids 
upon copper, lead, and zinc. Are these metals cor- 
roded by them ? 

Experiment 2. — Hold a piece of fine copper wire 
in the flame of a spirit-lamp for a few moments. 
Notice the color of the flame. 

Experiment 3. — Expose a piece of untarnished 
copper to the open air for twenty-four hours. Does it 
rust ? Also leave another piece in pure water. Does 
this rust ? 

Experiment 4. — Try the effect of exposure to air 
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and moistare on the lead, zinc, and tin. How are thej 
affected? 

Next to iron, the most nseful inetaJs are copper, 
lead, zinc, and tin. They are elements, though ob- 
tained chiefly from compoimds, or ores (Exercise 
XXXI) found in the earth. Their symbols * are for 
copper, Cu ; lead, Pb ; zinc, Zn ; tin, Sn. 

Pure or native copper is found in large quantities 
in the neighborhood of Lake Superior. 

Copper is used for making water-boilers, cooking- 
utensils, telegraph-wires, and sheets of it cover the 
parts of ships exposed to the water. When copper 
unites with other substances, poisonous compounds 
are formed; on this account, copper cooking-vessels 
should be kept perfectly clean and bright, and acid 
fruits should not remain long in them. 

Metals are sometimes mixed together when in a 
melted state. Such mixtures are called oMoys, Brass 
is an alloy of copper and zinc ; bronze^ an alloy of 
copper and tin. Watch-cases in imitation of gold are 
sometimes made of an alloy called pinchheck. This 
alloy is of copper mixed with a large proportion of 
zinc. Cases made of this look like gold ones, but they 
tarnish more easily, and by this the deception may be 
discovered. 

Experiment 5. — Make a saturated solution of blue 
vitriol t by dissolving it in hot water ; put an iron 

* The Latin names for copper, lead, and tin are cuprum^ plumbum^ 
stannum. The first letters of these are the symbols used, instead of 
the corresponding letters of the English names. 

f Sulphuric acid combines with several of the metals, forming com- 
pounds called vitriols. Thus, iron sulphate is ffreen vitriol (Exercise 
XXXII), copper sulphate is Mue vitrioly and zinc sulphate is white vitriol. 
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knife-blade into this solution ; leave it for five or ten 
minutes ; then take it out, and observe the appearance 
of the blade (Fig. 65.) Rub off the surface. What 
has happened to the iron ? 

ExPEBiMENT 6. — Bend a piece of copper wire 
into any compact form, and put it into a small 
glass ; cover this with lunar-caustic solution (silver- 
nitrate solution). Soon examine the copper and note 
any change. 

Experiments 5 and 6 are fine illustrations of chemi- 
cal aflSnity, and of the reactions which take place when 
this force is active. You should study them until 
you are able to explain 
the changes involved. 
To understand these, 
bear in mind that in 
each case you first dis- 
solved a salt consisting 
of an acid and a metal. fio. 65. 

Blue vitriol is a com- 
pound of sulphuric acid and metallic copper, and lunar 
caustic consists of nitric acid and silver. Also bear 
in mind that the strong acids seem, sometimes, to 
show preferences, and frequently they give np one 
thing that they may unite with another which they 
have a stronger aflSnity for. This explains the copper 
on the knife-blade and the silver on the wire. In the 
first case, the sulphuric acid forsook the copper and 
joined the iron ; the two metals changed places — the 
copper appeared on the knife, and iron sulphate was 
dissolved in the water. Similar changes occur in 
Experiment 6. 

Copper in combination is easily detected. Am- 
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monia is a test for the copper componnds (see Experi- 
ment 6, Exercise XXI) and the decomposition of a 
compomid (Experiment 5) is also a test, for there is 
no danger of mistaking pure copper, whose color is 
unlike that of any other metaL 

Lead is found only in a state of combination. It 
is largely used for water-pipes ; but the salts of lead, 
like those of copper, are poisonous, and sometimes- 
water from passing through lead pipes becomes unfit 
to drink. Perfectly pure water does not corrode lead 
(Exercise XIX), but if air is present, lead oxide is 
formed, and this dissolves in water, and thus renders 
the water unwholesome. Lead is also used for mak- 
ing shot and bullets. It is alloyed with other metals. 
The men who work in lead are called plumbers. Some 
of the lead compounds are very useful. Several of 
them are used as paints. 

White lead is lead carbonate. 

Litharge is lead oxide. 

Eed lead is lead dioxide. 

Sugar of lead is lead acetate. 

Experiment 7. — Dissolve half an ounce of sugar 
of lead (lead and acetic acid) in a teacupful of rain- 
water. If the solution is not clear, add a tablespoon- 
ful of good vinegar to the solution. Pour the solu- 
tion into a wide-mouthed bottle or tumbler, and suspend 
in it a stick or bar of metallic zinc, either by fastening 
it to the cork, or as seen in Fig. 66. Set the vessel 
carefully aside for twenty-four hours. Explain the 
changes which occur. 

Zirui^ on account of its greater hardness, is better 
than lead for some purposes. It is not tarnished by 
exposure to either moist or dry air, and hence it is 
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largely used in the form of sheets. It lines refriger- 
ators, and is put under stoves and before fires. Gal- 
vanized i/rouj as it is called, 
is iron coated with zinc, by 
dipping it into melted zinc. 
German silver is an 
alloy of copper, zinc, and 
nickel. The latter is a rare 
metal which resembles sil- 
ver. 

Experiment 8. — Dis- 
solve some small pieces of 
Fio. 66. zinc in hydrochloric acid or 

sulphuric acid, and hydro- 
gen is given off (Experiment 1, Exercise XVIII). If 
you filter the liquid left in the bottle, and afterward 
l^t the moisture evaporate, what compoimd will you 
finally obtain if you have used hydrochloric acid? 
What if you used sulphuric acid ? 

Tin is not a very common metal. It is only ob- 
tained from its ores. The most famous tin-mines are in 
Cornwall, England. A very little has been found in 
Maine, New Hampshire, and California. The tin- 
ware seen in common use (pans, basins, pails, etc.) is 
not aU tin, but sheet-iron coated with tin. This does 
not rust or tarnish until the tin is worn off, and the 
iron thus exposed to air and moisture. 



APPARATUS 
Beakers. 
Bottles. 
Clay pipes. 
Coins. 
Corks. 
Crucible. 
Files. 
Fine sieve. 
Florence flasks. 
Glass cans. 
Glass tubes. 
Horseshoe magnet. 

MATERIALS 
Acid, hydrochloric. 
Acid, nitric. 
Acid, sulphuric. 
AlcohoL 
Alum. 

Aqua ammonisB. 
Bicarbonate of soda. 
Black oxide of man- 
ganese. 
Blotting-paper. 
Blue yitriol. 
Bluing, laundry. 
Bone-black. 
Borax. 

Camphor gum. 
Camphor solution. 
Castor-oiL 
Caustic potash. 
Chalk. 
Charcoal. 
Sal ammoniac. 
Salt. 

Saltpeter. 
Sand. 
Sawdust. 
Shot 



REQUIRED FOR 
Iron nails. 
Iron knife. 
Kitchen cups. 
Knitting-needles. 
Measuring-glass. 
Mortar and pestle. 
Pneumatic trough 
Pocket magnifying- 

glass. 
Retort. 
Retort stand. 
Scales. 



EXPERIMENTS. 
Spoon. 
Spirit-lamp. 
Sponge. 

Tallow candles. 
Test-tubes. 
Thermometer. 
Tumblers. 
Tunnel. 
Wash-bottle. 
Window-glass. 
Wire gauze. 



REQUIRED FOR 

Chlorate of potash. 

Chloride of lime. 

Cochineal. 

Coffee. 

Copperas. 

Copper wire. 

Copper filings. 

Cream of tartar. 

Ether. 

Fats. 

Filter-paper. 

Flowers. 

Flowers of sulphur. 
. Flour. 

Glauber's salt. 

Glue. 

Glycerin. 

Gold-leaf. 

Gum-arabic. 

Iodine. 

Soap. 

Spirits of turpentine. 

Starch. 

Sugar. 

Sugar of lead. 

Sweet-oil. 



EXPERIMENTS. 
Iron filings. 
Iron pyrites. ' 
Iron wire. 
Lead strips. 
Lime-water. 
Litmus paper. 
Litmus tincture. 
Lunar caustic. 
Milk. 
Molasses. 
Heoes of metals, iron, 

zinc, and copper. 
Pieces of limestone or 

marble. 
Plaster of Paris. 
Purple cabbage. 
Rhubarb root. 
Red oxide of mercury. 
Rosin. 

Roll-sulphur. 
Turmeric root. 
Unslaked lime. 
Vinegar. 
Washing-soda. 
Wax. 



IlSTDEX. 



Absolute weight, 61. 
Adds, 66. 

care of, 66. 

pouring, 66. 

properties of, 68. 
Adhesion, 20. 
Air, composition of, 81. 
Alcohol, directions for keeping, 21. 
Alkalies, 67. 

Allotropic forms, 93, 121. 
Alloys, 184. 
Alum solution, 26. 
Ammonia, 67, 83. 

experiments with, 83. 

symbol of, 83. 
Anaesthetic, 124. 
Analysis, 49. 
Animal charcoal, 91. 
Apothecaries* weight, 60. 
Apparatus, care of, 14. 
Aqua ammoniae, uses of, 86. 
Aqua fortis, 86. 
Aqua regia, 118. 
Atmospheric air, 81. 
Attraction, strength of, 21. 
Attractive forces, 20. 

Baking-powders, 98. 
Balance, 49. 
Balloons, 76. 
Bases, 66. 

properties of, 68, 60. 



Beakers, 21. 

nests of, 22. 
Bell-jar, 80. 

Black oxide of manganese, 62. 
Bleaching, methods of, 116. 
Bleaching-powder, 116. 
Blowing bulbs, 46. 
Blue vitriol, 29. 
Bone-black, 92. 
Brass, 134. 
Bromine, 112. 
Bronze, 134. 
Bunsen burner, 17. 

description of, 112. 

Camphor-gum, 34. 

precipitate, 36. 
Gannel coal, 101. 
Capillary attraction, 107. 

tubes, 108. 
Carbon, 88. 

experiments with, 88. 

sources of, 89. 

symbol of, 93. 
Carbonado, 93. 
Carbonates, 100. 
Carbon disulphide, 120. 
Carbonic acid, 93. 

experiments with, 96. 

effect of breathing, 99. 
Carbonic dioxide, 94. 

symbol, 94. 
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Carbonic oxide, 94. 
Carboys, 124. 
Carmine, 64. 
Cast-iron, 131. 
Caustic potash, 57. 
Caustic soda, 67. 
Centigrade scale, 24. 
Chalk, 97. 

decomposition of, 49. 
Change of temperature, 27. 
Charcoal, 89. 

uses of, 91. 
Charcoal-pit, 90. 
Chemical affinity, 17. 

balance, 50. 
Chemical compounds, 14. 

materials of, 16. 
Chemical union, heat from, 20. 

change of color from, 25. 

odors from, 20. 
Chlorate of potash, 62. 
Chloride of lime, 1 14. 

of magnesiimi, 79. 

of potassium, 79. 

of sodium, 117. 
Chlorides, 117. 
Chlorine, 114. 

discovery of, 117. 

antidote for, 116. 
Choke-damp, 99. 
Coal, 101. 

mining, 110. 
Cochineal, 63. 
Cohesion, 20. 
Combustibles, 104. 
Combustion, 101. 

a chemical process, 104. 
Common salt, 117. 
Condenser, 41. 
Copper, 134. 

uses of, 134. 



Copper, test for, 186. 

filings, 11. 

sulphate, 138. 
Copperas, 35. 
Corks, 70. 

softened, 26. 
Crucible, 14. 
Crystalline shape, uniformity of, 

81. 
Crystallization, 29. 

the opposite of solution, 32. 
Crystals, 80. 

Decantation, 40. 
Decay, 105. 
Decoction, 16. 
Decomposition, 46. 
Diamond, 92. 

refractive power of, 98. 
Dimorphism, 38. 
Disinfectants, 85. 
Displacement, 85. 
Distillation, 40. 

apparatus for, 41. 

meaning of term, 42. 
Ductility, 128. 
Dynamite, 82. 

Effervescence, 94. 
Efflorescence, 34. 
Elements, 67. 

symbols of the, 67, 112. 
Essential oils, 61. 
Ether, 124. 

Experiment, meaning of, 1 2. 
Explosive mixture, 73. 

Fahrenheit scale, 24. 
Fats, 102. 
Filter-paper, 37. 
Filtrate, 40. 
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nitration, 87. 
Fixed oils, 61. 
Flame, 105. 

parts of, 106. 

brightness of, 112. 
Florence flask, 29. 

cost of, 80. 
Flowers of sulphur, 11, 119. 

how obtained, 44. 
Fluid ounce, 64. 
Fool's gold, 129. 
Formula, 73. 
Funnel, 87. 

Galvanized iron, 137. 
Gas, 107. 

flame, parts of, 107. 
Gasometer, 107. 
German silver, 187. 
Ginger-beer, 29. 
Glass-cutting, 46, 98. 
Glass tubes, cost of, 44. 
Glass-working, 44. 
Glauber's salts, 27. 
Glycerin, 14. 
Gold, 129. 
Gold-leaf, 86, 118. 
Graham flour, 11. 
Graphite, 92. 
Gravitation, 20. 
Green vitriol, 133. 
Oratto dd Cane, 99. 
Gun-cotton, 82. 
Gunpowder, 18, 82. 
Gypsum, 79. 

Hair sieve, 12. 
Hard soap, 61. 
Hard water, 78. 
Horseshoe magnet, 12. 
Hydrocarbons, 98. 



Hydrochloric add, 27. 
Hydrocbloric-acid gas, 118. 
Hydrogen, 70. 

experiments with, 71. 

weight of, 73. 

Ignition, 103. 
Indelible ink, 19. 
Infusion, 16. 
Iodides, 114. 
Iodide of mercury, 114. 

of potassium, 1 14. 

of silver, 114. 
Iodine, 112. 

symbol of, 112. 

care of, 41. 
Iron, 129. 

symbol of, 67. 

history of, 180. 

filings, 11. 

rust, 68, 132. 

Kelp, 113. 

King of acids, 123. 

Large crystals, 82. 
Lead, 136. 

effect of water on, 186. 

acetate, 138. 

carbonate, 136. 

dioxide, 136. 

oxide, 136. 
Lightest substance, 74. 
Lime, slaking, 19. 

unslaked, 17. 

precipitated, 86. 
Limestone, 97. 
Lime-water, 26. 
Litharge, 136. 
Litmus-paper, 68. 
Litmus solution, 54. 
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Lunar caustic, 17. 
uses of, 7&. 

MalleabiUty, 128. 
Marble, 97. 
Hatches, 102. 
Materials, 11. 
Measuring-glass, SO. 
Mercury, 67. 

symbol of, 67. 
Metallic luster, 127. 

ores, 128. 
Metalloids, 127. 
Metals, 126. 

properties of, 128. 
Mixtures, 11. 

ingredients of, 13. 

proportions in, 16. 
Morphine, 82. 
Mortar and pestle, 18. 
Musical sounds, 75. 

Neutral compounds, 66. 

properties of, 68. 
Nitrate of copper, 87. 

of iron, 87. 

of lead, 87. 

of potassium, 87. 
Nitrates, 87. 
Nitric acid, 86. 

experiments with, 86. 

symbol for, 88. 

uses of, 88. 
Nitrogen, 80. 

experiments with, 81. 

symbol of, 82. 
Nitro-glycerin, 88. 

Oil of vitriol, 124. 

Oils, 102. 

Organic matter, 79. 



Oxidation, 67. 
Oxide of copper, 72. 

of hydrogen, 72. 

of iron, 72. 

of mercury, 72. 
Oxides, 67. 
Oxygen, 62. 

directions for obtaining, 63. 

experiments, 64, 65. 

discovered, 66. " 
Ozone, 68. 

test-papev, 69. 

Paper filter, preparation of, 37. 
Philosopher's candle, 70. 
Phosphorus, 102. 

symbol for, 102. 
Pinchbeck, 184. 
Plant-food, 101. 

Plants influenced by sunlight, 68. 
Plaster of Paris, 76. 
Plastic sulphur, 121. 
Platinum, 129. 
Plumbers, 136. 
Pneumatic trough, use of, 46. 

substitute for, 46. 
Pocket magnifying-glass, 30. 
Potash, 34. 

use of, 36. 

sources of, 36. 
Precipitate, 36. 
Precipitation, 34. 
Pure water, a standard, 52. 
Purple cabbage, 14. 
Pyrites, 129. 

Quicklime, 97. 
Quinine, 82. 

Rain-water, 77. 
Receiver, 41. 
Red lead, 136. 
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Red oxide of mercary, 46. 

decoiDpoaition of, 48. 

cost of, 46. 
Betort, cost of, 41. 
Retort-8tand, 28. 
Rhubarb>root, 64. 
Boll-sulphur, 119. 

Safety-lamp, 111. 
Sal ammoniac, 17. 
Salt-mines, llT. 
Saltpeter, 60. 
Salt water, 79. 
Salts, 69. 
Sand-bath, 42. 
Saturated solution, 26. 

of alum, 26. 

of lime-water, 26. 

of sugar, 26. 

of washing-soda, 80. 
Saturation, limit of, 26. 
Scales, 49. 
Seidlitz-powders, 29. 
Silver, 129. 

nitrate, 188. 
Slaked lime, 97. 
Slow combustion, 106. 
Small crystals, 82. 
Snow crystals, 38. 
Soap, 61. 

making, 61. 

solution, 76. 
Soda-water, 98. 
Sodium, 117. 
Soft water, 78. 
Solvent, 26. 
Solution, 21. 

hastened, 26. 

change of temperature in, 27. 
Spatula, 40. 
Specific gravity, 49. 

7 



Specific weight, 62. 
Spirit-lamp, 17. 
Spirits of camphor, 28. 

of hartshorn, 84. 

of wine, 84. 
Spontaneous combustion, 106. 
Starch, 102. 

test for, 118. 
Steel, 131. 
Strychnine, 82. 
Sublimate, 44. 
Sublimation, 40. 
Sugar, 102. 

saturated solution of, 26. 
Sugar of lead, 66. 
Sulphate of iron, 182. 

of lime, 76. 
Sulphide of iron, 128. 

of silver, 128. 
Sulphides, 123. 
Sulphur, 119. 

crystals, 120. 

plastic, 121. 

dioxide, 128. 
Sulphuric acid, 123. 

symbol of, 124. 

directions for using, 126. 
Sulphuric ether, 68. 
Sulphurous acid, 124. 
Sunlight, effects on plants, 68, 69, 

100. 
Supporters of combustion, 104. 
Symbols, 67, 72, 112. 

Test-papers, 63. 

uses of, 66. 
Tests, 66. 
Test-solutions, 63. 
Test-tubes, 21. 

cleaning of, 22. 

cost of, 22. 
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Thermometer, use of, 22. 

oonstruction of, 28. 

scales, 24. 
Tin, 18V. 

uses of, 187. 

mines of, 187. 
Tincture of iodine, 118. 
Tinctures, 27. 
Transparency, 127. 
Tripod, 28. 
Troy weight, 60. 
Turmeric root, 63. 
Turpentine, 102. 

Universal solvent, 27. 
Useful metals, 134. 

Volatile alkali, 85. 
oils, 61. 



Wash-bottle, 88. 
Water, 76. 

boiling point of, 28. 

freezing point of, 28. 

solvent power of, 76. 

specific gravity of, 79. 

of crystflJlization, 84. 
Weight of water, 62. 
Weights, 60. 
White lead, 136. 
White vitriol, 134. 
Wood, 101. 
Wrought-iron, 180. 

Teast, 98. 

Zero-point, 28. 
Zinc, 136. 



THE END. 



* BOTANY BY OBSERVATION. * 



SCIENCE PEIMER 
OF BOTANY. 

By J. D. HOOKER, C.B.,P.R.a 

Fully illustrated. 

18mo. Flexible cloth. 



A yery interestiiig and valaable little 
work, designed to supply an element- 
ary knowledge of the principal f^ts of 
p]ant>life, together with the mesne of 
training beginners in the way to ob- 
senre plants methodically and accu- 
rately. 



FIRST BOOK OF 
BOTANY. 

By ELIZA A. YOUMANS. 

Designed to Cultivate the Observ- 
ing and Reasoning Powers 
of Children. 



The tme objective method applied 
to elementary science-teaching. Plants 
themselves are the objects of study. 
The pupil is told very little, and fh>m 
the beginning throughout he is sent to 
the t>lant to get his knowledge of the 
plant. 



DESCRIPTIVE 
BOTANY. 

By ELIZA A. YOUMANS. 

A Practical Guide to the Classifica- 
tion of Plants, with a 
Popular Flora. 



Introduces the popil to the study of 
Botany by the direct observation of 
vegetable forms. 

TMb book takes the place €f the au- 
thor'e ''Second Book <tf Botany,'' but 
providei a eon^jdete eouree in Uedf, no 
other book being neoeeeary. 



PHYSIOLOGICAL 
BOTANY. 

By ROBERT BENTLEY, F. L. S., 
Prof of Botsny In King's College, Lond. 

Prepared as a Sequel to ** Dcscrip- 
' tive Botany," by Eliza A. 
Youmans. 



Designed to give an elementary ae- 
count of Structural and Physiological 
Botany, or of the inner and minute 
mechanism and activities of plants. 

It treats of what the parts of a plant 
are built up, and what functions they 
perform in its history as a living being. 



HENSLOWS 
BOTANICAL CHARTS. 

Thoroughly Modified and Adapted 

for Use in the United States, 

by Eliza A. Youmans. 



Six Charts mounted on rollers, con- 
taining nearly five hundred flgnres 
colored to the life, which represent 
twenty-four orders and more than forty 
species of plants. An invahiable aid 
in making the study of Botany interest- 
ing and attractive. 



New York: D. APPLETON & CO., 1, 8, & 6 Bond Street 



OUR PLACE IN SPACE I 



ASTRONOMY BY OBSERVATION. 

By ELIZA A. BOW EN. 

4to. 90 pases. 

Ah elementaiy text-book for High-Sdiools and Academies, based on 
the most practical and interesting method of studying the subject — that 
of observation. To assist the pupil in his work, careful directions are 
given when, how, and where to find the heayenly bodies ; also for observ- 
ing, in entertaining and instructive ways, the characteristics and phenom- 
ena of the constellations. Their motions are described in familiar 
language, in the order in which they can be seen by an observer. The 
large quarto pages admit maps and views on a scale that will give a 
dear conception of the vast expanse of the celestial regions. 



LOCKYER'S 

ELEMENTS OF ASTRONOMY. 

Accompanied with nnmerons Illnstrations, a Colored Bepresenta- 
tion of the Solar, Stellar, and Nebular Spectra, and Arago's 
Celestial Charts of the Northern and Southern Hemisphere. 
American edition, revised and enlarged, and specially adapted 
to the wants of American schoolfl. 12mo. 812 pages. 

The author's aim throughout the book has been to give a connected 
^ew of the whole subject rather than to discuss any particular parts of 
it, and to supply facts and ideas founded thereon, to serve as a basis for 
subsequent study. 

The fine STAR-MAPS OF ARAGO, showing the boundaries of the 
constellations and the principal stars they contain, arc impended to the 
volume. 

D. APPLETON & CO., PubUshers, 

NEW YORK, BOSTON, CHICAGO, ATLANTA, SAN FRANCISCO. 



APPLETONS' 

NEW ARITHMETICS. 

TWO VOLUMES. 

Magnifleently Illustrated. 

Philosophically Treated. 



THJE SERIES: 

I. NUMBERS ILLUSTRATED 

And applied in Language, Drawing, and Reading 
Lessons. An Arithmetie for Primary Schools. 

By ANDBEW J. BICEOFF and £. C. DAVIS. 

IL NUMBERS APPLIED. 

A Complete Arithmetie for Intermediate and Gram^ 
mar Schools. Prepared on the Inductive Method^ 
with m>any new and especially practical features. 
By ANDBEW J. BICEOTF. 

^^This series is the result of extended research as to the l>est 
methods now in use, and many years' practical experience in class-room 
work and school supervision. 

The appearance of this series has been awaited with great interest 
by leading educators, as it is intended to give all that has proved most 
successful in arithmetical work, while it presents some new methods of 
illastration, pictorially and otherwise, that will make the introduction to 
the study especially interesting and instructive. 



Send for ftill particulars at once. A glSLneef eyen^ throosrli 
thege books will be instmetire to any teacher. 



D. APPLETON & CO., Publishers, 

NEW YORK. BOSTON, CHICAGO, ATLANTA, SAN FRANCISCO. 



APPLETONS' 

SCIENC E TEXT- BOOKS. 

In response to ths growing interest in the study of the Natural Sciences, 
and a demand for improved text-books representing the more accurate phases 
of sdentiflc knowle^^, and the present active ana widening field of investi- 
gation, arrangements have been made for the publication of a series of text- 
books to cover the whole field of science-study in High Schools, Academies, 
and all schools of similar grade. 

The author in each separate department has been selected with regmrd to 
lus especial fitness for the work, and each volume has been prepared with 
an especial reference to its practical availabili^ for class use and class study 
in schools. 

The following are now ready. Others in preparation. 

THE ELEMENTS OF CHEMISTRY. By Professor F. W. 
Glarkb, Chemist of Uie United States Geological Survey. 12mo, 
869 pages. 

THE ESSENTIALS OF ANATOMY, PHYSIOLOGY, 
AND HYGIENE. By Rookr S. Tract, M. D., Sanitary In- 
specter of the New York Board of Health. 12mo, 299 pages. 

ELEMENTARY ZOOLOGY. By C. F. Holdkr, Fellow of the 
New York Academy of Science, Corresponding Member Linnsean 
Sodety, etc.; and J. B. Holder, M.D., Curator of Zoology of 
American Museum of Natural History, Central Park, New York. 
12mo, 885 pages. 

A COMPEND OF GEOLOGY. By Joskph Lb Conte, Professor 
of Geology and Natural History in the University of California; 
author of "Elements of Geology," etc 12mo, 899 pages. 

APPLIED GEOLOGY: A Treatise on the Industrial Relations of 
Geological Structure. By Samuel G. Wiluams, Professor of Gen- 
eral and Economic Geology in Cornell University. 12mo, 886 pages. 

DESCRIPTIVE BOTANY. A Practical Guide to the Classifi- 
cation of Plants, with a Popular Flora. By Euza A. Yodm ans. 
12mo, 336 pages. 

PHYSIOLOGICAL BOTANY. By Robert Bentley, F.L.a, 

Professor of Botany in King's College, London. Adapted to Ameri- 
can Schools and prepared as a Sequel to "Descriptive Botany," by 
Eliza A. Youmans. 12mo, 292 pages. 

^« J«nK?KH^*" ^S}''V *®Ti? ?' introduction, catalomie, and price-list of all 
our pubhcatlons, write to pubhshers at either address below. 

D. APPLETON & CO., Publishers, 

NEW YORK, BOSTON, CHICAGO, ATLANTA, SAN FRANCISCO. 



APPLETONS' 



Standard System of Fenmaiisliip, 

DESIONED TO PBODUCE 

FREE PRACTICAL WRITING IK THE SCHOOL-ROOM. 



FHEPABED BT 

LYKAN D. SMITH. 



Xtead'Pencil Course, 3 Nos. 

Short Course, Tracing, 2 Nos. 
Short Course, 7 Nos. 

Qrammar Course, 7 Nos. 



LEADING FEATUBES. 



1. Writixig made the expression 
of thought Word-building and 
sentence-building constituting inter- 
esting language-lessons. 

2. Writing taught synthetically. 
No tedious drills on parts of letters 
or isolated letters. 

8. The movement drill ; whereby 
pupils acquire with certainty the 
real writing movement. 

4. No exaggerated style of writ- 



ing, which leads a pupil to draw, 
rather than to wkite. 

6. Graded columns; whereby 
the scope of movement enables the 
pupil to gradually and naturally ac- 
quire the fore-arm movement. 

6. Better gradation than is found 
in any other series. 

7. They are in accordance with 
the modem methods of teaching. 



This system, thus, dealing with whole letters, words, and sentences, 
rapidly advances the pupil by steps that are natural, progressive, graded^ 
clear, and attractive. 

INTBODUCTOBT PBICE8. 
Ijead-Pencll Course, Three Numbers, per docea 
Short Course, Tracing, Two Number, " " 
Short Course, Seven Numbers, '* " 

C^rammar Course, Seven Numbers, " " 



79 cents. 



Sampls CbpiM (f either Series taiU be Jbrwarded, poet-paid, for examinaUon 
on reoelpl of the introductory price. 

D. APPLETON <i CO., Publishers, 

New York. Boston. Chicacro. Atlanta, Bon Francisco. 



THE PHYSIOLOGY FOR THE TIME. 



How we Live ; or, the Human Body, and How to take Care of it. An 
Elementary Course in Anatomy, Physiology, and Hygiene. By 
James Johonnot, author of ** Principles and Practice of Teaching," 
'* Geographical Reader," "Natural History Reader," etc, Eugene 
BouTON, Ph. D., and H. D. Didama, M. D. 

Thoroughly adapted to elementary instruction in the public schools ; 
giving special attention to the laws of Hygiene (including the effects of 
alcohol and narcotics on the human system) as ascertained from a care- 
ful study of Anatomy and Physiology ; containing also a full Glossary of 
Terms, complete Index, etc 



FOR HIGH SCHOOLS, ACADEMIES, AND ALL 
SCHOOLS OF SIMILAR GRADE. 



The Essentials of Anatomy, Physiologry, and Hygiene. 
By Roger S. Tract, M. D., Sanitary Inspector of the New York 
City Health Department. 

This work has been prepared in response to the demand for a 
thoroughly scientific and yet practical text-book for schools and academies, 
which shall afford an accurate knowledge of the essential facts of Anat- 
omy and Physiology, as a scientific basis for the study of Hygiene and 
the Laws of Health, the applications of which are clearly and carefully 
stated throughout. It also treats of the physiological effects of alcohol 
and other narcotics, fulfilling all the requirements of recent legislative 
enactments upon this subject. 



Teachers and School-Officers should correspond with us before intro- 
ducing a new work upon this subject. 



D. APPLETON & CO., Publishers, 

NEW YORK, BOSTON, CHICAGO, SAN FRANCISCa 



APPLETONS' INSTRUCTIVE READING-BOOKS. 

NATURAL HISTORY SERIES. 

By Professor JAMES JOHONNOT, 

Author of *' Principles and Practice of Toaching/* '* Geographical Reader," 
"How we Live," etc 



No. 1. 
Book of Cats and Bogs, and other Friends. For Little Folks. 

No. s. 
Friends in Feathers and Fur, and other Neighbors. For 
^ Toung Folks. 

No. 8. 
Neighbors with Wings and Fins, and some Others. For 
Boys and Girls. 

No. 4. 
Neighbors with daws and Hoofis, and their TTin For 
Toung People. 

No. 5. 
Olimpses of the Animate World : Science and Literattire 
of Natural History. For School or Home. 



The publication of ** Appletons' Instructive Reading-Books " marks a 
distinct and important advance in the adaptation of special knowledge 
and genera] literature to the intelligent comprehension of pupils of all 
grades of attainment. The importance of this movement and its value 
to the present generation of school-children can not be overestimated. 

The Natural History Series contains a full course of graded lessons 
for reading upon topics and in a style that are of the most fascinating 
interest to children and young people, while training them to habits of 
observation, and storing their minds with useful information. 

D. APPLETON & CO., Publishers, 

NEW YORK, BOSTON, CHICAGO, SAN FRANCISCO. 



PRIMERS 

Itl Science^ History^ ancL ZfLteratiLre. 

ISmo. Flexible doth, 45 cents each. 



SCIENCE PRIMERS. 
Edited by Professors HUXLEY, KOSOOE, and BALFOUB STEWABT. 



Introduotory. Prof. T. H. Hvxlbt, 

F.B.8. 
Chemistry. FroC H. £. Bosoos, 

F.Rfl. 
Phyaios. IVof. Baltoub Stbwabt, 

F.B.S. 
Physical Geoffraphy. IVof. A. 

OsiKiB, F. B. S. 
Oeoloiry. Prof' A. Okikde, F. B. S. 
Fnysloloffy. M. Fobtbb, M. D., 

F.B.S. Hysriene. B.B. Trao?. 

HISTORY PRIMERS- 
Edited by J. B. OBEEN, M. A., Examiner in the School of Modem History at Oxford. 



Astronomy. J. N. Locktsb, F. B. 8. 
Botany. Sir J. D . Hooksb, F. B. S. 
liOflrio. Prot W. S. Jbvons, F. B. 8. 
Intentional Geometry. W. G. 

Spsnoeb. 
Pianoforte. Fbakkun Tatlob. 
Political Economy. Prof. W. S 

Jktonb, F. B. S. 
Natural Besonroes of the TTnited 

States. J. H. Patton, A. M. 



Greece. C A. FrrFC, M. A. 
Home. M. GBEieBTON, M. A. 
Europe. E. A. Fbbbmak, D.CL. 
Old Greek life. J. P. Mahafft, 
M.A. 

Haman Antiq.iiities. Prof. A. 8. 

WiLKINS. 



•'"^.I'g'S 



hy. Gbobgb Gbotb, 



France. Chablottb M. Tokgb. 

Medissval CivilizaUon. Prot G. 
B. Adams. 



Soman Constitution. 
TieHB. 



Ambboss 



LITERATURE PRIMERS- 
Edited by J. B. GBEEN, M. A. 



Engrlish (Grammar. B. Mobbis, 

LL.D. 
Enfirlish literature. Bev. Stop- 

FOBD A. Bbooks, M. A. 
Philology. J. Peilib, M. A. 
Classical Gheography. M.F.Tozeb. 
Shakespeare. Prof. E. Dowdek. 
Studies in Bryant. J. Aldbn. 



Gh:«ek liiterature. Prof. B. C. Jbbb. 
Engrllsh Grammar Exercises. 

B. MoBBiB, LL. D., and H. C. Bowek, 

M.A. 
Homer. Bight Hon. W. E. Gladbtonb. 
Engrlish Composition. Prof. J. 

NlOHOL. 



The object of these primers is to convey information in such a manner as to make 
it both intelligible and Interesting to very young pupils, and so to discipline their minds 
as to incline them to more systematic after-stadies. The woodcuts which iUostrate 
them embellish and explain the text at the same time. 



New York: D. APPLETON & CO., 1, 3, & 6 Bond Street. 



APPLETONS' 

AMERICAN STANDARD GEOGRAPHIES. 

BASED 01 nU FRISCIPLK8 OF THB 8CIK1ICI OF EDUCATIOll, 

And giving Speolal Prominenoe to the Indnstrial, Commertial, and 
Praotical Veatnres. 



The remarkable success which Appletons' Readers haye attamed is due 
to the fact that no effort or expense was spared to make them not only 
mechanically superior, but practically and distinctively superior, in their 
embodiment of the best results of modem experience in teaching, and of 
the methods followed by the most successful and intelligent educators. In 
the same spirit, and with the same high aim, this new series of (Geog- 
raphies has been prepared, and it is in harmony, therefore, with the actiye 
educational thought of the times. 

The series comprises two books for graded schools. 

I. Appletons' Elementary Gteography. Small 4ta 108 pages. 

In this book the aim is to develop and present the subject m accord- 
ance with the views of advanced teachers, and to embody the most natural 
and philosophical system. It treats the subject objectively, makes knowl- 
edge precede definitions, and presents facts in their logical connections, 
taking gradual steps from the known to the unknown. 

n. Appletons' Higher Geography. Large 4to. 129 pages. 

In tMs volume, the aim has been to combine beauty of typography, 
usefulness of illustration, attractive maps, and every element of mechan- 
ical superiority, with a variety of ori^nal features, and the improved 
methods followed by the most successful teachers of the day. 

Prominence is given to a consideration of the leading Industries, as the 
results of certain physical conditions, and especially to Commerce, a 
feature which will not fail to be acceptable in this practical age. The 
pupil is taught to what the great dties owe their growth, the main routes 
of travel and traffic, where and how our surplus products find a market, 
whence we obtain the chief articles of daily use, and the exports which 
the leading commerdal cities contribute to &e world*8 supply. 

The Maps, both Political and Physical, challenge comparison in point 
of coiTectness, distinctness, and artistic finish. Special editions for the 
various States have been prepared, giving extra maps and descriptive 
matter. 

D. APPLETON d 00., Publishers, 

NEW YORK, BOSTON, CHICAGO, ATLANTA, SAN FRANCISCO. 



HENSLOWS BOTANICAL CHARTS, 

Modified and adapted for Use in the United States, 
By ELIZA A. YOUMAN8. 



One of the most attractive, interesting, and instructive accessories 
for the school-room ever published. 



A diagram system of illustration, as an aid in teaching a subject like 
botany, is so valuable that the publishers have been induced, at the 
risk of heavy expense, to issue this series of charts for school use. 

In the plan of illustration adopted, the plant is first represented in 
its natural size and colors ; then a magnified section of its flowers is 
given, showing the relations of the parts to each other, and also mag- 
nified views of the different floral organs. The charts contain nearly 
five hundred figures colored to the life, and which represent twenty-four 
orders and more than forty species of plants, showing a great variety 
of forms and structures of leaf, stem, root, flower, fruit, and seed. 

The Charts are not designed to supersede the study of plants, but 
only to facilitate it. Their office is the same as the illustrations of the 
book ; but they are more perfect, and bring the pupil a step nearer to 
the objects themselves. Many plant characters are so minute that they 
are difficult to find, and much is gained by referring first to the enlarged 
and colored representations. Besides this special assistance in object- 
study, they will be of great value in bringing into a narrow compass a 
complete view of the structures and relations of the leading types of the 
vegetable kingdom. While individual characters are distinctly shown, 
they are brought collectively before the eye, so as to be readily com- 
pared and contrasted with each other. As the natural objects are im- 
aged with such fullness and truthfulness of detail, they will be found 
equally valuable to the beginner, the intermediate pupil, and the ad- 
vanced student— equally useful in helping to a knowledge of the rudi- 
ments, and in guiding to the higher classifications of the science. 

They can be used with any botanical text-books, and during the 
season of plants they should be upon the walls of every school-room 
where botany is studied. 

D. APPLBTON A 00., Pobushcbs, 1, 8, & 5 Bond Strbzt. N. T. 
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